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LEGAL STATUS 

[Date of request for examination] 07.06.1 996 

[Date of sending the examiner s decision of 
rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 

[Date of final disposal for application] 

[Patent number] 2859531 

[Date of registration] 04. 1 2. 1 998 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 04.12.2001 

Copyright (C); 1 998,2003 Japan Patent Office 



http://wwwl9.ipdl.ncipi.go.jp/PAl/result/detail/main/wAAAUlaG9ZDA407201334Pl .htm 1 2/29/2005 



JP,07-201334,A [CLAIMS] 



Page 1 of 1 



* NOTICES * 

JPO and NCXPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. - 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The matrix which sank in the electrolyte, and the electrode which consists of the fuel electrode 
and air pole of a couple which were prepared in the both sides of this matrix, In the electrode of the fuel cell 
formed by carrying out the laminating of two or more unit cells which consist of the fuel passage of a couple 
and air passage which were formed in the outside of these electrodes through a separator One [ at least ] 
electrode catalyst bed of the above-mentioned fuel electrode and an air pole It is the electrode for fuel cells 
which becomes carbon black support from the catalyst powder which supported the ash content which is one 
or more sorts of metallic elements except platinum and platinum, and a fluororesin, and is characterized by 
the rate of a volume ratio of the above-mentioned carbon black support being 10% - 25% to the above- 
mentioned electrode catalyst bed. 

[Claim 2] The porosity of an electrode catalyst bed is an electrode for fuel cells given in the 1st term of a 
claim characterized by being 50% - 80%. 

[Claim 3] The fluororesin content of an electrode catalyst bed is an electrode for fuel cells given in the 1st 
term of a claim characterized by being 20% - 60%. 

[Claim 4] The platinum content in catalyst powder is an electrode for fuel cells given in the 1st term of a 
claim characterized by being 10% - 40%. 

[Claim 5] The ash content content in catalyst powder is an electrode for fuel cells given in the 1st term of a 
claim characterized by being 15% or less. 

[Claim 6] The voidage of an electrode catalyst bed is an electrode for fuel cells given in the 1st term of a 
claim characterized by being 20% - 45%. 

[Claim 7] Carbon black support is an electrode for fuel cells given in the 1st term of a claim characterized 
by a consistency being three or more 1 .8 mg/cm heat treatment carbon. 

[Claim 8] The thickness of the electrode catalyst bed of an air pole is an electrode for fuel cells given in the 
1st term of a claim characterized by being 100 micrometers - 350 micrometers. 

[Claim 9] The thickness of the electrode catalyst bed of a fuel electrode is an electrode for fuel cells given in 
the 1st term of a claim characterized by being 50 micrometers - 250 micrometers. 

[Claim 10] The manufacture approach of the electrode for fuel cells characterized by including the process 
which carries out press forming of the electrode catalyst bed which becomes carbon black support from the 
catalyst powder which supported the ash content which is one or more sorts of metallic elements except 
platinum and platinum, and a fluororesin by the temperature of the range of 50 degrees C - 300 degrees C, 
and the pressure of the range of 10 kgf/cm2 - 50 kgf7cm2. 

[Claim 11] The manufacture approach of the electrode for fuel cells given in the 10th term of a claim 
characterized by including the process which carries out extract clearance of the organic solvent in an 
electrode catalyst bed while ****(ing) the electrode catalyst bed before press forming to an organic solvent 
and adding supersonic vibration subsequently to the above-mentioned electrode catalyst bed. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is the electrode for fuel cells and its manufacture approach, and a 
thing concerning the catalyst bed and its manufacture approaches of the electrode for fuel cells, such as a 
phosphoric-acid form fuel cell, especially. 
[0002] 

[Description of the Prior Art] Further, fuel cells, such as a phosphoric-acid form fuel cell, carry out the 
laminating of two or more unit cells which come to arrange the fuel electrode of a couple and the electrode 
of an air pole, and the porosity carbon plate for electrolyte storage with a rib that has the fuel passage and air 
passage of a couple on the outside through a separator, and are formed at the both sides of the matrix which 
sank in the electrolyte. Moreover, impregnation of the electrolytes, such as a phosphoric acid, is carried out 
to configuration members, such as a fuel electrode and an electrode of an air pole, a matrix, and a porosity 
carbon plate for electrolyte storage with a rib, so that electrochemical reaction may tend to occur. 
[0003] Hereafter, a phosphoric-acid form fuel cell is taken for an example, and the conventional fuel cell is 
explained, a utilization of a phosphoric-acid form fuel cell sake — (b) — improvement in large cost reduction 
and (b) dependability is important. If output density is raised and is put in another way, for large cost 
reduction, it is necessary to raise a eel voltage-current consistency property and to reduce the number of 
laminating eels, when current density is increased so that a eel electrical potential difference may become 
high. Moreover, it is necessary to improve the structure of an electrode and to raise the long-term life 
property of a eel for improvement in the dependability of a fuel cell. The eel electrical potential difference 
of a phosphoric- acid form fuel cell is expressed with a formula (1) practical. 
[0004] 
[Equation 1] 

Et=Eo-AE,, 2 -AEoa-IR (-fe^BE) Q) 
AHi. x -E„,-Et (H*y-f» . . . • (2) 

AHoeEoa-Et (0*y-f» • • • • (3) 

[0005] A eel electrical potential difference when Et supplies a fuel to a fuel electrode and supplies air to an 
air pole here, A eel electrical potential difference when a eel electrical potential difference when Eo supplies 
H2 to a fuel electrode and supplies 02 to an air pole, and EH2 supply H2 to a fuel electrode and supply air 
to an air pole, A eel electrical potential difference when a fuel is supplied to a fuel electrode and it supplies 
02 to an air pole, and I Eo2 Current density, R is eel internal resistance (per unit area), and two H**HH2 
gain (it is an index showing the gaseous diffusion nature of a fuel electrode). 20**Eo2 with sufficient 
diffusibility gain (it is an index showing the gaseous diffusion nature of an air pole, and diffusibility is so 
good that it is small) and IR are the voltage drops (product of current density and the internal resistance of a 
eel) by eel internal resistance, so that it is small. 

[0006] In a formula (1), the eel electrical potential difference Et becomes high, so that **EH2, and **Eo2 
and IR are so small that Eo is large. In order to perform making the amount of platinum per unit area of an 
electrode catalyst bed increase in order to enlarge Eo conventionally and to make small the voltage drop IR 
by H2 gain **EH2, 02 gain **Eo2, or eel internal resistance, making thickness of an electrode catalyst bed 
thin is performed. 

[0007] Drawing 45 is the explanatory view showing the configuration of the conventional electrode catalyst 
bed shown in JP,3-37963,A. In drawing, when thickness [ of an electrode catalyst bed ] L [mum] and the 
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amount D of platinum [mg/cm2] which bound the catalyst which ****(ed) platinum to carbon black **** 
express with rectangular coordinates (D, L), as it is in the field with which are simultaneously satisfied of a 
degree type (4), (5), and (6), the electrode catalyst bed is constituted. 
[0008] 
[Equation 2] 

50£L£1 50 • . - . (4) 

(5) 

L£29. 2D .... (6) 

[0009] However, as a presentation of catalyst powder, it is only platinum and carbon black ****, and was 

not taken into consideration about content of the metallic element except platinum. 

[0010] 

[Problem(s) to be Solved by the Invention] There was a trouble that lowering was [ in / over a long period of 
time / there is a trouble that gaseous diffusion nature is bad, a high eel voltage-current consistency cannot be 
taken although an electrode catalyst bed becomes precise too much in an electrode catalyst bed, such as a 
phosphoric-acid form fuel cell which was mentioned above, and electric resistance becomes small, and the 
number of laminating eels cannot be reduced, and / a life property ] large at the time of ** of a eel electrical 
potential difference, and improvement in dependability could not be aimed at. Moreover, since an electrode 
catalyst bed became precise too much, there was a trouble that impregnation of electrolytes, such as a 
phosphoric acid to an electrode catalyst bed, was not performed promptly. Furthermore, when the metallic 
element except platinum was contained in catalyst powder, there was a trouble that the rate of a volume ratio 
of carbon black **** which is the conductive matter of an electrode catalyst bed may become small, and the 
electrical resistivity and the electric resistance of an electrode catalyst bed may become large. 
[001 1] It is made in order that this invention may solve such a trouble, and a eel voltage-current consistency 
property is high, and lowering is small at the time of ** of a eel electrical potential difference, and it aims at 
obtaining the electrode for fuel cells with a life property good over a long period of time. Moreover, 
impregnation of electrolytes, such as a phosphoric acid, is performed promptly and also makes it the object 
to obtain an electrode catalyst bed with the proper magnitude of an electric resistance value. It unites and 
aims at acquiring the reliable electrode for fuel cells, and its manufacture approach by low cost. 
[0012] 

[Means for Solving the Problem] The matrix into which invention concerning the 1st term of a claim of this 
invention sank the electrolyte, The electrode which consists of the fuel electrode and air pole of a couple 
which were prepared in the both sides of this matrix, In the electrode of the fuel cell formed by carrying out 
the laminating of two or more unit cells which consist of the fuel passage of a couple and air passage which 
were formed in the outside of these electrodes through a separator One [ at least ] electrode catalyst bed of 
the above-mentioned fuel electrode and an air pole It becomes carbon black support from the catalyst 
powder which supported the ash content which is one or more sorts of metallic elements except platinum 
and platinum, and a fluororesin, and the rate of a volume ratio of the above-mentioned carbon black support 
is made into 10% - 25% to the above-mentioned electrode catalyst bed. 

[0013] Invention concerning the 2nd term of a claim of this invention makes the porosity of an electrode 
catalyst bed 50% - 80%. 

[0014] Invention concerning the 3rd term of a claim of this invention makes fluororesin content of an 
electrode catalyst bed 20% - 60%. 

[0015] Invention concerning the 4th term of a claim of this invention makes platinum content in catalyst 
powder 10% - 40%. 

[0016] Invention concerning the 5th term of a claim of this invention makes ash content content in catalyst 
powder 1 5% or less. 

[0017] Invention concerning the 6th term of a claim of this invention makes voidage of an electrode catalyst 
bed 20% - 45%. 

[001 8] As for invention concerning the 7th term of a claim of this invention, a consistency uses carbon black 
support as three or more 1 .8 mg/cm heat treatment carbon. 

[0019] Invention concerning the 8th term of a claim of this invention sets thickness of the electrode catalyst 
bed of an air pole to 100 micrometers - 350 micrometers. 

[0020] Invention concerning the 9th term of a claim of this invention sets thickness of the electrode catalyst 
bed of a fuel electrode to 50 micrometers - 250 micrometers. 
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[0021] Invention concerning the 10th term of a claim of this invention includes the process which carries out 
press forming of the electrode catalyst bed which becomes carbon black support from the catalyst powder 
which supported the ash content which is one or more sorts of metallic elements except platinum and 
platinum, and a fluororesin by the temperature of the range of 50 degrees C - 300 degrees C, and the 
pressure of the range of 1 0 kgf7cm2 - 50 kgf/cm2. 

[0022] Invention concerning the 1 1th term of a claim of this invention **** the electrode catalyst bed before 
press forming to an organic solvent, and subsequently it includes the process which carries out extract 
clearance of the organic solvent in an electrode catalyst bed, adding the supersonic vibration of the above- 
mentioned electrode catalyst bed. 
[0023] 

[Function] In the 1st term of a claim of this invention, by making the rate of a volume ratio of carbon black 
support into the predetermined range, the voltage drop of the electrode catalyst bed of an air pole and the 
sum of 02 gain of a eel are made small, and a eel electrical potential difference is made high. 
[0024] In the 2nd term of a claim of this invention, by making the porosity of an electrode catalyst bed into 
the predetermined range, the voltage drop by electric resistance etc. is made small, and a eel electrical 
potential difference is made high. 

[0025] In the 3rd term of a claim of this invention, by making fluororesin content of an electrode catalyst 
bed into the predetermined range, the sum of the voltage drop by electric resistance and 02 gain is made 
small, and a eel electrical potential difference is made high. 

[0026] In the 4th term of a claim of this invention, by making platinum content in catalyst powder into the 
predetermined range, the sum of the voltage drop by electric resistance and 02 gain is made small, and a eel 
electrical potential difference is made high. 

[0027] In the 5th term of a claim of this invention, the electrical resistivity and the electric resistance of an 
electrode catalyst bed are made small by making ash content content in catalyst powder below into the 
predetermined range. 

[0028] In the 6th term of a claim of this invention, a eel electrical potential difference is made high by 
making voidage of an electrode catalyst bed into the predetermined range. 

[0029] In the 7th term of a claim of this invention, since the consistency of carbon black support was made 
into the predetermined range and it considered as heat treatment carbon support, a eel electrical potential 
difference and the property of 02 gain with the passage of time are improved. 

[0030] In the 8th term of a claim of this invention, by making thickness of an air pole into the predetermined 
range, the sum of the voltage drop by electric resistance and 02 gain is made small, and a eel electrical 
potential difference is made high. 

[0031] In the 9th term of a claim of this invention, by making thickness of a fuel electrode into the 
predetermined range, the sum of the voltage drop by electric resistance and H2 gain is made small, and a eel 
electrical potential difference is made high. 

[0032] In the 10th term of a claim of this invention, electrical resistivity of an electrode catalyst bed is made 
low. 

[0033] In the 1 1th term of a claim of this invention, electrical resistivity of an electrode catalyst bed is made 

low. 

[0034] 

[Example] The matrix into which the electrode for fuel cells by this invention sank the electrolyte, The 
electrode which consists of the fuel electrode and air pole of a couple which were prepared in the both sides 
of this matrix, In the electrode of the fuel cell formed by carrying out the laminating of two or more unit 
cells which consist of the fuel passage of a couple and air passage which were formed in the outside of these 
electrodes through a separator One [ at least ] electrode catalyst bed of the above-mentioned fuel electrode 
and an air pole becomes carbon black support from the catalyst powder which supported the ash content 
which is one or more sorts of metallic elements except platinum and platinum, and a fluororesin. 
[0035] The rate of a volume ratio of the above-mentioned carbon black support is 10% - 25% (still more 
preferably 15% - 20%) to the above-mentioned electrode catalyst bed. Thereby, distribution of each 
presentation of an electrode catalyst bed are rationalized, a eel voltage-current consistency property is high, 
and the small fuel cell with a life property good over a long period of time of lowering is obtained at the 
time of ** of a eel electrical potential difference. The electrode catalyst bed in this invention consists of 
platinum, ash content, heat treatment carbon black ****, a fluororesin, and a hole. Here, the unit volume of 
an electrode catalyst bed is considered and let the volume of an electrode catalyst bed be the volume of the 
volume + fluororesin + hole of volume + heat treatment carbon black **** of the volume + ash content of 
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platinum. 

[0036] Hereafter, a definition is given as follows. The rate of a volume ratio of heat treatment carbon black 
**** Volume xl00[%] of the volume / electrode catalyst bed of heat treatment carbon black ****, The 
porosity of an electrode catalyst bed Volume xl00[%] of the volume / electrode catalyst bed of a hole 
(before the electrolyte impregnation of an electrode catalyst bed), (Before electrolyte impregnation) Volume 
xl00[%] of electrolytic (inside of an electrode catalyst bed) the volume/hole (before the electrolyte 
impregnation of an electrode catalyst bed) and the voidage of an electrode catalyst bed (electrolyte 
impregnation back) of the electrolyte pulse duty factor of an electrode catalyst bed are porosity /100 
(electrode catalyst bed) x (100-(electrode catalyst bed) electrolyte pulse duty factor) [%]. 
[0037] The unit weight of an electrode catalyst bed or catalyst powder is considered. Electrode catalyst bed 
weight Moreover, the weight of the weight + fluororesin of weight + heat treatment carbon black **** of 
the weight + ash content of platinum, The weight of catalyst powder The weight of weight + heat treatment 
carbon black **** of the weight + ash content of platinum, In fluororesin content, weight xl00[%] of the 
weight / electrode catalyst bed of a fluororesin and platinum content (platinum concentration) define weight 
xl00[%] of the weight / catalyst powder of platinum, and ash content content as weight xl00[%] of the 
weight / catalyst powder of ash content. 

[0038] The fluororesin of the electrode catalyst bed in this invention consists of at least one sort in a 
polytetrafluoroethylene and tetrafluoroethylene-hexafluoropropylene copolymer, a tetrafluoroethylene- 
perfluoroalkyl vinyl ether copolymer, etc. The ash content of the electrode catalyst bed in this invention 
consists of at least one sort of metals among nickel, chromium, iron, cobalt, copper, etc. 
[0039] The rate of a volume ratio of heat treatment carbon **** of the electrode catalyst bed in this 
invention is applied to making it 10-25 [%] (preferably 15-20 [%]). The porosity of an electrode catalyst bed 
50-80 [%] (preferably 60-70 [%]), A fluororesin pulse duty factor 20-60 [%] (preferably 30-50 [%]), 10-40 
[%] (preferably 15-30 [%]), and ash content content for platinum concentration Below 15 [%] (preferably 10 
[%]) Carbon black **** The heat treatment carbon more than a consistency 1.8 [g/cm3], Thickness of 100- 
350 [mum] (preferably 150-300 [mum]), and a fuel electrode catalyst bed is set [ voidage ] to 50-250 [mum] 
(preferably 100-200 [mum]) for the thickness of 20-45 [%] (preferably 25-40 [%]), and an air pole catalyst 
bed. Thereby, while being able to raise a property more at the time of ** of a eel voltage-current consistency 
property and a eel electrical potential difference, the impregnation of electrolytes, such as a phosphoric acid 
to an electrode catalyst bed, becomes prompt. 

[0040] Moreover, since it was made for the manufacture approach of the electrode catalyst bed of this 
invention to include the process which carries out extract clearance of the organic substance, having carried 
out press forming of the electrode catalyst bed by temperature 50-300 [**] and pressures 10-50 [kgf/cm], 
having been immersed in organic solvents, such as an acetone, before heat treatment, and giving value 
supersonic vibration, it can make electrical resistivity of an electrode catalyst bed low, therefore can offer a 
highly reliable fuel cell by low cost. 

[0041] Hereafter, based on examples 1-14 and the example of a comparison, this invention is further 
explained to a detail. 

example 1 . - first, in order to produce the electrode catalyst bed of the air pole in a fuel cell, the dispersion 
of the polytetrafluoroethylene (it abbreviates to PTFE hereafter) which are catalyst powder and a fluororesin 
was prepared. The ash content to which, as for catalyst powder, 20 [%] and carbon black **** (it 
abbreviates to carbon **** hereafter) use [ platinum ] 72 [%] and nickel as a principal component by the 
weight ratio used the thing of 8 [%]. Moreover, 60 [%] and a dispersant used 4 [%] and, as for PTFE 
dispersion, the remainder used [ PTFE of solid content ] the thing of water. The carbon (it abbreviates to 
heat treatment carbon below) which the consistency 1 .8 [g/cm3] which performed 2500-degree C heat 
treatment to **** graphite-ized was used for the carbon which is ****(ing) the platinum of catalyst powder. 
The aquosity catalyst paste was prepared using this catalyst powder and PTFE. Desiccation clearance of the 
moisture after forming in the shape of a film was thinly carried out for the catalyst paste, and the electrode 
catalyst bed was obtained. Furthermore, after having carried out immersion of this electrode catalyst bed for 
20 hours (only hereafter referred to as [h]) at the acetone which gave supersonic vibration, carrying out 
extract clearance of the great portion of organic substance, such as a dispersant in an electrode catalyst bed, 
and drying, it calcinated at the temperature of 360 [**] eventually, and press forming was performed at the 
room temperature 20 [ about ] [**] after that. 

[0042] By this approach, the electrode catalyst bed of the air pole of the weight (basis weight) [mg/cm2] 
1 5.0 of catalyst powder / PTFE=60/40, and the electrode catalyst bed per unit area was produced by the 
weight ratio. By the same approach, platinum produced the catalyst bed of the fuel electrode of catalyst 
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powder / PTFE=60/40, basis weight 6.0 [mg/cm2], and porosity 65 [%] at the weight ratio using the catalyst 
powder and PTFE of 10 [%] and carbon **** (heat treatment carbon) [%] 90 by the weight ratio. When 
fabricating the electrode catalyst bed of an air pole, the press pressure P was changed, the rate C of a volume 
ratio of carbon **** in an electrode catalyst bed was changed, and the porosity epsilon of an electrode 
catalyst object and thickness L were measured at this time. The result is shown in drawing 1 and drawing 2 . 
Moreover, the electrical resistivity rho and the electric resistance Rc of an electrode catalyst bed were 
measured. The result is shown in drawing 3 . 

[0043] According to drawing 1 , the rate C of a volume ratio of carbon **** of an electrode catalyst bed is 
changing with the magnitude of the press pressure P. The rate C of a volume ratio of carbon **** is large, 
so that the press pressure P is large. Moreover, the porosity epsilon of an electrode catalyst bed and 
thickness L are small as the rate C of a volume ratio of carbon **** of an electrode catalyst bed becomes 
large according to drawing 2 . Although the smaller one of thickness L of an electrode catalyst bed is 
desirable from the point of miniaturization of a eel, it is in the inclination for the rate C of a volume ratio of 
carbon **** to be saturated above 10-15 [%]. 

[0044] Moreover, the electrical resistivity rho and the electric resistance Rc of an electrode catalyst bed are 
small as the rate C of a volume ratio of carbon **** of an electrode catalyst bed becomes large similarly 
according to drawing 3 . Although the smaller one of electric resistance Rc is desirable [ electrical resistivity 
rho ] in order for the smaller one to make small desirably the voltage drop IR by the above-mentioned eel 
internal resistance R in order to equalize the current distribution inside a eel and to control joule loss small, 
it is in the inclination for the rate C of a volume ratio of carbon **** to be saturated above 10-15 [%]. As 
mentioned above, there is effectiveness which can rationalize the magnitude of thickness [ of an electrode 
catalyst bed ] L, electrical resistivity rho, and electric resistance Rc by managing the rate C of a volume ratio 
of carbon **** of an electrode catalyst bed in the range more than 10 [%] (preferably 15 [%]). 
[0045] Next, carbon paper was joined to the electrode catalyst bed of a fuel electrode and an air pole, and it 
assembled in the eel as a fuel electrode and an electrode of an air pole respectively. The separator plate of a 
couple was arranged on the porosity carbon plate for electrolyte storage with a rib and pan which have the 
above-mentioned fuel electrode and the electrode of an air pole on both sides of the matrix of thickness 1 00 
[mum], and have the fuel passage and air passage of a couple on the outside on the outside, and the eel was 
assembled. The phosphoric acid of about 40 [%] of the hole volume was sunk into 100 [%], electrode, and 
porosity carbon plate of the hole volume at the matrix, that to which the rate C of a volume ratio of carbon 
**** of an electrode catalyst bed was variously looked like [ that ], and was changed was used for the air 
pole. After the rate of gas utilization supplied the eel at temperature 200 [**], supplied a fuel (H2:CO 2= 
80:20) and air by 80 [%] and 60 [%], respectively, operating and stabilizing the property, the voltage drop 
IRc of the electrode catalyst bed of the 02 gain **Eo2 and the air pole of the index of the eel electrical 
potential difference E and the gaseous diffusion nature of an air pole was measured. All carried out current 
density I by 300 [mA/cm2]. The result is shown in drawing 4 and drawing 5 . 

[0046] According to drawing 4 , the voltage drop IRc of the electrode catalyst bed of an air pole becomes 
small, and is in the inclination for the rate C of a volume ratio of carbon **** to be saturated above 10-15 
[%] as the rate C of a volume ratio of carbon **** of the electrode catalyst bed of an air pole becomes large. 
Moreover, 02 gain **Eo2 of the gaseous diffusion nature index of the air pole at the time of eel operation 
becomes large, and it is in the inclination for the rate C of a volume ratio of carbon **** of the electrode 
catalyst bed of an air pole to increase rapidly above 20-25 [%] as the rate C of a volume ratio of carbon **** 
of the electrode catalyst bed of an air pole becomes large. As mentioned above, as for the rate C of a volume 
ratio of carbon **** of the electrode catalyst bed of an air pole, drawing 4 shows that 10-25 [%] (preferably 
15-20 [%]) become a temporary rule of thumb as desirable range. 

[0047] It is drawing 5 which investigated the above relation synthetically. According to drawing 5 , the 
voltage drop IRc of the electrode catalyst bed of an air pole and the sum of 02 gain **Eo2 of a eel are [ the 
rate C of a volume ratio of carbon **** of the electrode catalyst bed of an air pole ] small by 10-20 [%]. The 
rate C of a volume ratio of carbon **** serves as a small value of 120[mv] order **, and is especially 
desirable at 15-20 [%]. Corresponding to these, the eel electrical potential difference E is [ the rate C of a 
volume ratio of carbon **** of the electrode catalyst bed of an air pole ] high by 10-25 [%]. The rate C of a 
volume ratio of carbon **** serves as a high value before and behind 650 [mv], and is especially desirable 
at 15-20 [%]. Moreover, in this range, **E/**C is small and the eel electrical potential difference E has 
stopped easily being influenced of the rate C of a volume ratio of carbon ****. 

[0048] for example, in fertilizing the eel of a phosphoric-acid form fuel cell If the rate C of a volume ratio of 
carbon **** of the electrode catalyst bed of an air pole is controlled to become the range of 10-25 [%] 
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(preferably 10-20 [%]) The voltage drop IRc of the electrode catalyst bed of an air pole and the sum of eel 
02 gain **Eo2 are small, and it is effective in the eel electrical potential difference E being high, and that in 
which an electrical potential difference moreover cannot receive effect of the rate C of a volume ratio of 
carbon **** easily being obtained corresponding to it. 

[0049] The electrode catalyst bed was produced by the same approach as the example 2. example 1. The ash 
content to which, as for catalyst powder, 20 [%] and carbon **** use [ platinum ] 72 [%] and nickel as a 
principal component by the weight ratio used the thing of 8 [%]. Carbon **** used heat treatment carbon. 
Catalyst powder / PTFE=60/40, and the electrode catalyst bed of the fuel electrode of basis weight 6.0 
[mg/cm2] were produced by the weight ratio, and catalyst powder / PTFE=60/40, and the electrode catalyst 
bed of the air pole of basis weight 15.0 [mg/cm2] were produced by the weight ratio. When fabricating the 
electrode catalyst bed of these fuel electrodes and an air pole, press ** P was changed, porosity epsilon was 
changed, and the rate C of a volume ratio and electrical resistivity rho of carbon **** at this time were 
measured. The result is shown in drawing 6 and drawing 7 . 

[0050] In this example 2, since the presentation of the electrode catalyst bed of a fuel electrode and an air 
pole was the same, as for the rate C of a volume ratio and electrical resistivity rho of carbon **** of an air 
pole, the fuel electrode became the same value. [ of an electrode catalyst bed ] Moreover, according to 
drawing 6 , porosity epsilon is small, so that the press pressure P from which the porosity epsilon of an 
electrode catalyst bed is changing with the magnitude of the press pressure P is large. Furthermore, 
according to drawing 7 , the rate C of a volume ratio of carbon **** of an electrode catalyst bed becomes 
small, and the electrical resistivity rho of an electrode catalyst bed is large as the porosity epsilon of the 
electrode catalyst bed of a fuel electrode and an air pole becomes large. Reversely, the electrical resistivity 
rho of an electrode catalyst bed has the porosity epsilon of an electrode catalyst bed in the inclination which 
becomes small and is saturated with 75-below 80 [%]. Moreover, 10-more than 15 [%] have been the rate C 
of a volume ratio of carbon **** of the electrode catalyst bed at this time. 

[0051] Carbon paper was joined to the electrode catalyst bed of the above-mentioned fuel electrode and an 
air pole, and it considered as the fuel electrode and the electrode of an air pole respectively. The eel was 
assembled for these fuel electrodes and the electrode of an air pole on the same conditions as an example 1 , 
and the eel was operated. After operating by 200 [**] and stabilizing the property, current density I 
evaluated gaseous diffusion nature by the condition of 300 [mA/cm2]. H2 gain **EH2 which is the index of 
the gaseous diffusion nature of a fuel electrode, and 02 gain **Eo2 which is the index of the gaseous 
diffusion nature of an air pole were measured. The result is shown in drawing 8 and drawing 9 , 
respectively. 

[0052] Drawing 8 is a thing at the time of changing the porosity epsilon of the electrode catalyst bed of a 
fuel electrode by considering the porosity epsilon of the electrode catalyst bed of an air pole as 65 [%] 
regularity. H2 gain **EH2 of a eel is small, and there is an inclination for the porosity epsilon of the 
electrode catalyst bed of a fuel electrode to be saturated above 50-55 [%] as the porosity epsilon of the 
electrode catalyst bed of a fuel electrode becomes large. Moreover, the rate C of a volume ratio of carbon 
**** of the electrode catalyst bed of the fuel electrode at this time serves as 20-25 [%] extent. 
[0053] As fixed in the porosity epsilon of the electrode catalyst bed of a fuel electrode at 65 [%], drawing 9 
is a thing at the time of changing the porosity epsilon of the electrode catalyst bed of an air pole similarly. 
02 gain **Eo2 of a eel is small, and it is in the inclination for the porosity epsilon of the electrode catalyst 
bed of an air pole to be saturated above 50-55 [%] as the porosity epsilon of the electrode catalyst bed of an 
air pole becomes large. Moreover, the rate C of a volume ratio of carbon **** of the electrode catalyst bed 
of the air pole at this time serves as 20-25 [%] extent. 

[0054] As mentioned above, the following thing can be said from drawing 7 - drawing 9 . That is, the 
porosity epsilon of the electrode catalyst bed of a fuel electrode and an air pole becomes [ the electric 
resistance rho of an electrode catalyst bed ] small and is desirable at 75-below 80 [%] (the rate C of a 
volume ratio of carbon **** more than 10 - 15[%] extent). Moreover, the porosity epsilon of the electrode 
catalyst bed of a fuel electrode becomes [ H2 gain **EH2 of a eel ] small above 50-55 [%] (the rate C of a 
volume ratio of carbon **** below 20 - 25[%] extent) and is desirable. Furthermore, the porosity epsilon of 
the electrode catalyst bed of an air pole becomes [ 02 gain **Eo2 of a eel ] small above 50-55 [%] (the rate 
C of a volume ratio of carbon **** below 20 - 25[%] extent) and is desirable. 

[0055] therefore, the porosity epsilon of the electrode catalyst bed of a fuel electrode and an air pole — 50-80 
[%] (preferably 60-70 [%] extent) - and By setting the rate C of a volume ratio of carbon **** of the 
electrode catalyst bed of a fuel electrode and an air pole to 10-25 [%] (preferably 15-20 [%] extent) What 
has a voltage drop small the electrical resistivity rho of an electrode catalyst bed and small by electric 
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resistance is obtained, the small thing of H2 gain **Eo2 of a eel is obtained further, the internal loss of a eel 
becomes small, and it is effective in what has a high eel electrical potential difference being obtained. 
[0056] The electrode catalyst bed was created by the approach like the example 3. example 1 . That is, the 
presentation of the catalyst powder of a raw material used the following by the weight ratio. Carbon black 
**** used heat treatment carbon. Ash content is a metal which uses nickel as a principal component. Sample 
A is platinum 10 [%], carbon **** 86 [%], and ash content. 4 [%] and Sample B are platinum 20 [%], 
carbon **** 72 [%], and ash content. In 8 [%] and Sample C, platinum 30 [%], carbon **** 58 [%], ash 
content 12 [%], and Sample D contain platinum 40 [%], carbon **** 44 [%], and ash content 16 [%]. 
Catalyst powder / PTFE=60/40, and the electrode catalyst bed of the air pole of basis weight 1 5.0 [mg/cm2] 
were created by the weight ratio. These electrode catalyst beds changed porosity epsilon, and measured the 
rate C of a volume ratio and electrical resistivity rho of carbon **** of an electrode catalyst bed at this time. 
The result is shown in drawing 10 R> 0 and drawing 1 1 . 

[0057] According to drawing 10 , the electrical resistivity rho of an electrode catalyst bed is large, and, as 
for the extent, what has the larger platinum concentration of the catalyst powder of a raw material is more 
remarkable as the porosity epsilon of the electric catalyst bed of an air pole becomes large. On the other 
hand, according to drawing 1 1 , the electrical resistivity rho of an electrode catalyst bed is small as the rate 
C of a volume ratio of carbon **** of the electrode catalyst bed of an air pole becomes large, but the effect 
of the platinum concentration of the catalyst powder of a raw material can be expressed with the curve of 
one profile, without hardly winning popularity. There are electric resistance of an electrode catalyst bed and 
effectiveness that it becomes easy to estimate the voltage drop by the electric resistance of an electrode 
further, by considering the effect of the electrical resistivity rho to the rate C of a volume ratio of carbon 
**** of the display form by this drawing 1 1 , i.e., an electrode catalyst bed. 

[0058] Carbon paper was joined to the electrode catalyst bed of these air poles, and it considered as the 
electrode of an air pole. Furthermore, the eel was assembled on the same conditions as an example 1 using 
the fuel electrode and the above-mentioned air pole which were produced in the example 1 , and the eel was 
operated. After operating by 200 [**] and stabilizing the property, current density I evaluated gaseous 
diffusion nature by the condition of 300 [mA/cm2]. 02 gain **Eo2 which is the index of the gaseous 
diffusion nature of an air pole was measured. The result is shown in drawing 12 . According to drawing 12 , 
02 gain **Eo2 of a eel is small as the porosity epsilon of the electrode catalyst bed of an air pole becomes 
large, but it is seldom influenced of the platinum concentration of the catalyst powder of a raw material, but 
is distributed around the curve of one profile. 

[0059] Therefore, electrical resistivity rho can be made small by drawing 1 1 by choosing the rate C of a 
volume ratio of carbon **** of an electrode catalyst bed more than 10 [%] (preferably more than 15 [%]). 
02 gain **Eo2 of a eel can be made small by choosing the porosity epsilon of an electrode catalyst bed from 
drawing 12 more than 50 [%] (preferably more than 60 [%]). Furthermore, the synergistic effect which can 
both make small both electrical resistivity rho and the eel of 02 gain **Eo2 is acquired by combining both. 
[0060] The electrode catalyst bed was produced by the same approach as the example 4. example 1 . The ash 
content to which, as for catalyst powder, 20 [%] and carbon support use [ platinum ] 72 [%] and nickel as a 
principal component by the weight ratio used the thing of 8 [%]. Carbon support used heat treatment carbon. 
It was made to change to catalyst powder / PTFE=100 / 0 - 40/60 by the weight ratio, and the 1 .8 [mg/cm2] 
porosity epsilon produced [ the amount of platinum ] the electrode catalyst bed of the air pole of 65 [%]. In 
the case of catalyst powder / PTFE=60/40, the basis weight of an electrode catalyst bed is 15 [mg/cm2]. The 
rate C of a volume ratio of the carbon support of this electrode catalyst bed, thickness L, electrical resistivity 
rho, and electric resistance Rc were measured. The result is shown in drawing 1 3 and drawing 14 . 
[0061] According to drawing 13 , the rate C of a volume ratio of carbon support becomes small, and 
thickness L of an electrode catalyst bed is large reversely as the PTFE content [%] (weight ratio) of the 
electrode catalyst bed of an air pole becomes large. Moreover, when PTFE content is 20-60 [%] extent, the 
rate C of a volume ratio of carbon support has 10-25 [%] extent. According to drawing 14 , the electrical 
resistivity rho and the electric resistance Rc of an electrode catalyst bed are small, and it is in the inclination 
for the rate C of a volume ratio of carbon support to be more than 15 - 20[%] extent, and to be saturated as 
the rate C of a volume ratio of the carbon support of the electrode catalyst bed of an air pole becomes large. 
Carbon paper was joined to the electrode catalyst bed of these air poles, and it considered as the electrode of 
an air pole. 

[0062] Furthermore, the eel was assembled on the same conditions as an example 1 using the fuel electrode 
and the above-mentioned air pole which were produced in the example 1, and the eel was operated. It 
operated by 200 [**], and after the property was stabilized, current density I measured the voltage drop IRc 
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of 02 gain deltaEo2 which is the index of the eel electrical potential difference E and the gaseous diffusion 
nature of an air pole, and the electrode catalyst bed of an air pole in the condition of 300 [mA/cm2]. The 
result is shown in drawing 1 5 and drawing 1 6 . According to drawing 15 , the voltage drop IRc of the 
electrode catalyst bed of an air pole becomes small, and is in the inclination for the rate C of a volume ratio 
of carbon support to be more than 10 - 1 5[%] extent, and to be saturated as the rate C of a volume ratio of 
the carbon support of the electrode catalyst bed of an air pole becomes large. Moreover, 02 gain deltaEo2 of 
the gaseous diffusion nature index of the air pole at the time of eel operation becomes large, and it is in the 
inclination for the rate C of a volume ratio of the carbon support of the electrode catalyst bed of an air pole 
to be more than 20 - 25[%] extent, and to increase rapidly as the rate C of a volume ratio of the carbon 
support of the electrode catalyst bed of an air pole becomes large. 

[0063] As mentioned above, from drawing 1 5 , the rate C of a volume ratio of the carbon support of the 
electrode catalyst bed of an air pole is understood are [ 10-25 [%] ] extent and that 15-20 [%] extent is 
preferably desirable. It is drawing 16 which investigated the above relation synthetically. According to 
drawing 16 , the voltage drop IRc of the electrode catalyst bed of an air pole and the sum of 02 gain 
deltaEo2 of a eel are [ the rate C of a volume ratio of the carbon support of the electrode catalyst bed of an 
air pole ] small with 10-25 [%] extent. The rate C of a volume ratio of carbon support serves as a small 
value before and behind 1 10 [mv] in 15-20 [%] extent, and is especially desirable. Corresponding to the 
above, the eel electrical potential difference is [ the rate C of a volume ratio of the carbon support of the 
electrode catalyst bed of an air pole ] high with 10-25 [%] extent. The rate C of a volume ratio of carbon 
support serves as a high value before and behind 650 [mv] in 15-20 [%] extent, and is especially desirable. 
[0064] Therefore, by managing the rate C of a volume ratio of the carbon support of the electrode catalyst 
bed of an air pole in the range of 10-25 [%] extent (preferably 15-20 [%] extent), it is small in the voltage 
drop IRc of the electrode catalyst bed of an air pole, and the sum of 02 gain deltaEo2 of a eel, and effective 
in the ability to make the eel electrical potential difference E high corresponding to it. By managing the 
PTFE content (weight ratio) of the electrode catalyst bed of an air pole in the range of 20-60 [%] extent 
(preferably 30-50 [%] extent), the rate C of a volume ratio of carbon support is managed by drawing 13 in 
the range of 10-25 [%] extent (preferably 15-20 [%] extent), and, specifically, the above-mentioned 
effectiveness is acquired. 

[0065] for example, in fertilizing the eel of a phosphoric acid fuel cell If the PTFE content of an electrode 
catalyst bed is controlled to become the range of 10-25 [%] extent (preferably 15-20 [%] extent) about the 
rate C of a volume ratio of the carbon support of the electrode catalyst bed of an air pole The eel 
manufactured even if PTFE content had some fluctuation at the time of electrode catalyst bed production is 
effective in a eel electrical potential difference being high and moreover the small thing of variation being 
obtained. 

[0066] The electrode catalyst bed was produced by the same approach as the example 5. example 1 . The ash 
content to which, as for catalyst powder, 20 [%] and carbon support use [ platinum ] 72 [%] and nickel as a 
principal component by the weight ratio used the thing of 8 [%]. Carbon support used heat treatment carbon. 
The rate C of a volume ratio of carbon support produced [ porosity epsilon ] the electrode catalyst bed of the 
air pole of 19.3 [%] by 65 [%] by the weight ratio catalyst powder / PTFE=60/40. Thickness L of an 
electrode catalyst bed was changed to 50-400 [mum], and was produced. Carbon paper was joined to the 
electrode catalyst bed of these air poles, and it considered as the electrode of an air pole. The eel was 
assembled on the same conditions as an example 1 using the fuel electrode and the above-mentioned air pole 
which were furthermore produced in the example 1, and the eel was operated. After operating by 200 [**] 
and stabilizing the property, current density I measured the voltage drop IRc of 02 gain deltaEo2 which is 
the index of the eel electrical potential difference E and the gaseous diffusion nature of an air pole, and the 
electrode catalyst bed of an air pole in the condition of 300 [mA/cm2]. The result is shown in drawing 17 
and drawing 18 . 

[0067] In order to raise a eel electrical potential difference, the approach to which carry out thickness of an 
electrode catalyst bed thickly, and the amount of platinum is made to increase is learned conventionally. 
Drawing 17 and drawing 1 8 correspond to it. According to drawing 17 , in proportion to thickness L of the 
electrode catalyst bed of an air pole, the voltage drop IRc of the electrode catalyst bed of an air pole is large. 
On the other hand, as for 02 gain deltaEo2 of a eel, thickness L of an electrode catalyst bed is increasing 
rapidly above 300-350 [mum]. It is drawing 18 which investigated the above relation synthetically. 
According to drawing 18 , the voltage drop IRc of the electrode catalyst bed of an air pole and the sum of 
02 gain deltaEo2 of a eel are increasing [ thickness L of the electrode catalyst bed of an air pole ] rapidly 
above 300-350 [mum]. Although it expects to thicken thickness of the electrode catalyst bed of an air pole, 
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and to make a eel electrical potential difference high, the eel electrical potential difference is high for the 
above-mentioned reason in the range whose thickness L of the electrode catalyst bed of an air pole is 100- 
350 [mum] extent. Especially, in the range which is 150-300 [mum] extent, thickness L of the electrode 
catalyst bed of an air pole is a high value before and behind 650 [mv], and is desirable. 
[0068] Therefore, by controlling thickness L of the electrode catalyst bed of an air pole in the range of 100- 
350 [mum] extent (preferably 150-300 [mum] extent), the thing of a high eel electrical potential difference 
is obtained, and the effectiveness of this invention can be heightened more. Moreover, by rationalizing the 
required amount of catalysts of the electrode catalyst bed of an air pole, futility is lost to the activity of a 
catalyst and it is effective in the ability to contribute to the cost reduction of a cel. 

[0069] The electrode catalyst bed was produced by the same approach as the example 6. example 1. The ash 
content to which, as for catalyst powder, 20 [%] and carbon support use [ platinum ] 72 [%] and nickel as a 
principal component by the weight ratio used the thing of 8 [%]. Carbon support used heat treatment carbon. 
The rate C of a volume ratio of 65 [%] and carbon support produced [ catalyst powder / PTFE=60/40, basis 
weight 15.0 [mg/cm2], and porosity epsilon ] the electrode catalyst bed of the air pole of 19.3 [%] by' the 
weight ratio. Carbon paper was joined to the electrode catalyst bed of this air pole, and it considered as the 
electrode of an air pole. Similarly, the rate C of a volume ratio of 65 [%] and carbon support produced 
[ catalyst powder / PTFE=60/40, and porosity epsilon ] the electrode catalyst bed of the fuel electrode of 
19.3 [%] by the weight ratio. Thickness L of an electrode catalyst bed was changed to 30-350 [mum], and 
was produced. Carbon paper was joined to the electrode catalyst bed of these fuel electrodes, and it 
considered as the electrode of a fuel electrode. 

[0070] Furthermore, the eel was assembled on the same conditions as an example 1 using the above- 
mentioned fuel electrode and the air pole, and the eel was operated. After operating by 200 [**] and 
stabilizing the property, current density I measured the voltage drop IRc of H2 gain deltaEH2 which is the 
index of the gaseous diffusion nature of a fuel electrode, and the electrode catalyst bed of a fuel electrode in 
the condition of 300 [mA/cm2]. The result is shown in drawing 19 and drawing 2020 . In order to raise a eel 
electrical potential difference, the approach to which carry out thickness of an electrode catalyst bed thickly, 
and the amount of platinum is made to increase is learned conventionally. Drawing 1 9 and drawing 20 
correspond to it. According to drawing 19 , in proportion to thickness L of the electrode catalyst bed of a 
fuel electrode, the voltage drop IRc of the electrode catalyst bed of a fuel electrode is large. On the other 
hand, as for H2 gain deltaEH2 of a eel, thickness L of an electrode catalyst bed is increasing rapidly above 
200-250 [mum]. 

[0071] It is drawing 20 which investigated the above relation synthetically. According to drawing 20 , the 
voltage drop IRc of the electrode catalyst bed of a fuel electrode and the sum of H2 gain deltaEH2 of a eel 
are increasing [ thickness L of the electrode catalyst bed of a fuel electrode ] rapidly above 200-250 [mum]. 
Although it expects to thicken thickness of the electrode catalyst bed of a fuel electrode, and to make a eel 
electrical potential difference high, the eel electrical potential difference is high for the above-mentioned 
reason in the range whose thickness L of the electrode catalyst bed of a fuel electrode is 50-250 [mum] 
extent. Especially, in the range which is 100-200 [mum] extent, thickness L of the electrode catalyst bed of a 
fuel electrode is a high value before and behind 650 [mv], and is desirable. Therefore, by controlling 
thickness L of the electrode catalyst bed of a fuel electrode in the range of 50-250 [mum] extent (preferably 
100-200 [mum] extent), the thing of a high eel electrical potential difference is obtained, and the 
effectiveness of this invention can be heightened more. Moreover, by rationalizing the required amount of 
catalysts of the electrode catalyst bed of a fuel electrode, futility is lost to the activity of a catalyst and it is 
effective in the ability to contribute to the cost reduction of a cel. 

[0072] Seven sorts of electrode catalyst beds were produced by the same approach as the example 7. 
example 1. The catalyst powder of a raw material used the following by the weight ratio of a presentation. 
Platinum concentration is 5-50 [%]. Carbon support used heat treatment carbon. Ash content is a metal 
which uses nickel as a principal component. Sample E is platinum. 5 [%], the carbon support 93 [%], ash 
content 2 [%], Sample F is platinum 10 [%], the carbon support 86 [%], and ash content. 4 [%], Sample G is 
platinum 15 [%], the carbon support 79 [%], and ash content. 6 [%], Sample H is platinum 20 [%], the 
carbon support 72 [%], and ash content. 8 [%], In platinum 30 [%], the carbon support 58 [%], ash content 
12 [%], and Sample J, platinum 40 [%], the carbon support 44 [%], ash content 16 [%], and Sample K 
contain [ Sample I ] platinum 50 [%], the carbon support 30 [%], and ash content 20 [%]. 
[0073] Catalyst powder / PTFE=60/40, and the electrode catalyst bed of the air pole of basis weight 15.0 
[mg/cm2] were produced by the weight ratio. These electrode catalyst beds changed porosity epsilon, and 
measured the electrical resistivity rho and the electric resistance Rc of an electrode catalyst bed at this time. 
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The result is shown in drawing 21 and drawing 22 . According to drawing 21 , the electrical resistivity rho 
of an electrode catalyst bed is large as the platinum concentration of the catalyst powder of the electrode 
catalyst bed of an air pole becomes large, and as for the extent, what has the larger porosity epsilon is larger. 
The platinum concentration of catalyst powder is in the inclination for the electrical resistivity rho of an 
electrode catalyst bed to increase rapidly above 40 [%]. 

[0074] Furthermore, the electric resistance Rc of the electrode catalyst bed of an air pole is large, and, as for 
the extent, what has the larger porosity epsilon is larger according to drawing 22 , as the platinum 
concentration of the catalyst powder of the electrode catalyst bed of an air pole becomes large. It is in the 
inclination for the platinum concentration of catalyst powder to be more than 30 - 40[%] extent, and for the 
electric resistance Rc of an electrode catalyst bed to increase rapidly. Therefore, since the electrical 
resistivity rho and the electric resistance Rc of an electrode catalyst bed can be made small when the 
platinum concentration of the catalyst powder of the electrode catalyst bed of an air pole uses the thing of 
the range below 40[%] extent (preferably below 30[%] extent), the current distribution inside a eel can be 
equalized, joule loss can be controlled small, and the effectiveness of this invention can be heightened more. 

[0075] Moreover, it is effective in the futility which uses the catalyst of the high platinum concentration 
beyond the need for high cost being lost, and being able to contribute to the cost reduction of a eel by 
rationalizing the platinum concentration of the catalyst powder of the electrode catalyst bed of an air pole. 
Among the electrode catalyst beds of these air poles, porosity epsilon joined carbon paper to the thing of 65 
[%], and considered as the electrode of an air pole. The eel was assembled on the same conditions as an 
example 1 using the fuel electrode and the above-mentioned air pole which were furthermore produced in 
the example 1, and the eel was operated. After operating by 200 [**] and stabilizing the property, current 
density I measured the voltage drop IRc of 02 gain deltaEo2 which is the index of the eel electrical potential 
difference E and the gaseous diffusion nature of an air pole, and the electrode catalyst bed of an air pole in 
the condition of 300 [mA/cm2]. The result is shown in drawing 23 and drawing 24 . 

[0076] According to drawing 23 , the voltage drop IRc of the electrode catalyst bed of an air pole becomes 
large, and it is in the inclination for the platinum concentration of catalyst powder to be more than 30 - 40 
[%] extent, and to increase rapidly as the platinum concentration of the catalyst powder of the electrode 
catalyst bed of an air pole becomes large. Moreover, 02 gain deltaEo2 of the gaseous diffusion nature index 
of the air pole at the time of eel operation is large, and it is in the inclination for the platinum concentration 
of the catalyst powder of the electrode catalyst bed of an air pole to be more than 30 - 40[%] extent, and to 
increase rapidly as the platinum concentration of the catalyst powder of the electrode catalyst bed of an air 
pole becomes large. The above shows that below 30 [%] is preferably desirable from drawing 23 below 
platinum concentration 40[%] extent of the catalyst powder of the electrode catalyst bed of an air pole. 
[0077] It is drawing 24 which investigated the above relation synthetically. According to drawing 24 , the 
platinum concentration of the catalyst powder of the electrode catalyst bed of an air pole is more than 30 - 
40[%] extent, and the voltage drop IRc of the electrode catalyst bed of an air pole and the sum of 02 gain 
deltaEo2 of a eel are increasing rapidly. Corresponding to the above, the platinum concentration of the 
catalyst powder of the electrode catalyst bed of an air pole is below 30 - 40[%] extent, and the eel electrical 
potential difference is high. Below with 10[%] extent, since there are few amounts of platinum in an 
electrode catalyst bed, as for the eel electrical potential difference, the platinum concentration of catalyst 
powder is low. Although it expects to enlarge platinum concentration of the catalyst powder of the electrode 
catalyst bed of an air pole, and to make a eel electrical potential difference high, the eel electrical potential 
difference is high for the above-mentioned reason in the range whose platinum concentration of the catalyst 
powder of the electrode catalyst bed of an air pole is 10-40 [%] extent. Especially, in the range which is 15- 
30 [%] extent, the platinum concentration of the catalyst powder of the electrode catalyst bed of an air pole 
serves as a high value before and behind 650 [mv], and is desirable. 

[0078] Therefore, by making platinum concentration of the catalyst powder of the electrode catalyst bed of 
an air pole into the range of 10-40 [%] extent (preferably 15-30 [%] extent), the thing of a high eel electrical 
potential difference is obtained, and the effectiveness of this invention can be heightened more. Moreover, 
by rationalizing the platinum concentration of the catalyst powder of the electrode catalyst bed of an air 
pole, the futility which uses the catalyst of the high platinum concentration beyond the need for high cost is 
lost, and it is effective in the ability to contribute to the cost reduction of a cel. 

[0079] The electrode catalyst bed was produced by the same approach as the example 8. example 1 . The ash 
content to which, as for catalyst powder, 20 [%] and carbon support use [ platinum ] 72 [%] and nickel as a 
principal component by the weight ratio used the thing of 8 [%]. Carbon support used heat treatment carbon. 
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It was made to change to catalyst powder / PTFE=100 / 0 - 10/90 by the weight ratio, and the amount of 
platinum produced the electrode catalyst bed of the air pole of 1 .8 [mg/cm2]. In the case of catalyst powder / 
PTFE=60/40, the basis weight of an electrode catalyst bed is 15 [mg/cm2], and when porosity epsilon is 65 
[%], the rate of a volume ratio of carbon support is 19.3 [%]. These electrode catalyst beds changed porosity 
epsilon, and measured the electrical resistivity rho of the electrode catalyst bed at this time, and thickness L 
of an electrode catalyst bed. The result is shown in drawing 25 - drawing 30 . 

[0080] According to drawing 25 , the electrical resistivity rho of an electrode catalyst bed is large, and, as 
for the extent, what has the larger porosity epsilon is larger as the PTFE content of the electrode catalyst bed 
of an air pole becomes large. It is in the inclination for the PTFE content of an electrode catalyst bed to be 
more than 50 - 60[%] extent, and for the electrical resistivity rho of an electrode catalyst bed to increase 
rapidly. Moreover, thickness L of an electrode catalyst bed is large, and, as for the extent, what has the 
larger porosity epsilon is larger as the PTFE content of the electrode catalyst bed of an air pole becomes 
large according to drawing 26 . It is in the inclination for the PTFE content of an electrode catalyst bed to be 
more than 50 - 60[%] extent, and for thickness L of an electrode catalyst bed to increase rapidly. 
[0081] Furthermore, the electric resistance Rc of an electrode catalyst bed is large, and, as for the extent, 
what has the larger porosity epsilon is larger according to drawing 27 , as the PTFE content of the electrode 
catalyst bed of an air pole becomes large. It is in the inclination for the PTFE content of an electrode catalyst 
bed to be more than 50 - 60[%] extent, and for the electric resistance Rc of an electrode catalyst bed to 
increase rapidly remarkably. The electrical resistivity rho of an electrode catalyst bed, thickness [ of an 
electrode catalyst bed ] L, and the electric resistance Rc of an electrode catalyst bed are large, and a larger 
thing has [ the extent ] the PTFE content of an electrode catalyst bed larger according to drawing 28 - 
drawing 30 , as the porosity epsilon of the electrode catalyst bed of an air pole becomes large. It is in the 
inclination for the porosity epsilon of an electrode catalyst bed to be more than 70 - 75[%] extent, and for 
the electrical resistivity rho of an electrode catalyst bed, thickness [ of an electrode catalyst bed ] L, and the 
electric resistance Rc of an electrode catalyst bed to increase rapidly. 

[0082] Therefore, since electrical resistivity rho of an electrode catalyst bed can be made small by making 
PTFE content of the electrode catalyst bed of an air pole below into 60[%] extent (preferably 50 [%] extent), 
and making porosity epsilon below into 70[%] extent, the current distribution inside a eel can be equalized, 
joule loss can be controlled small, and the effectiveness of this invention can be heightened more. Moreover, 
it is effective in the ability to make thickness L of an electrode catalyst bed thin, and contribute to 
miniaturization of a eel and a fuel cell stack by making PTFE content of the electrode catalyst bed of an air 
pole below into 60[%] extent (preferably 50 [%] extent), and making porosity epsilon below into 70[%] 
extent. 

[0083] Furthermore, there is effectiveness which can make small the electric resistance Rc of an electrode 
catalyst bed and its voltage drop IRc by making PTFE content of the electrode catalyst bed of an air pole 
below into 60[%] extent (preferably 50 [%] extent), and making porosity epsilon below into 70[%] extent. In 
addition, about the lower limit of the PTFE content of the electrode catalyst bed of an air pole, more than 20 
[%] extent (preferably 30 [%] extent) is more desirable than drawing 13 of an example 4 - drawing 16 R> 6. 
Moreover, although PTFE was described as an example of a fluororesin, even if fluororesins are a 
tetrafluoroethylene-hexafluoropropylene copolymer, a tetrafluoroethylene-perfluoroalkyl vinyl ether 
copolymer, etc., of course, the same effectiveness is done so. 

[0084] Eight sorts of electrode catalyst beds were produced by the same approach as the example 9. example 
1. The following were used for the catalyst powder of a raw material by the weight ratio of a presentation. It 
is the metal which platinum concentration uses nickel to 20 [%], and uses ash content as a principal 
component, and carbon support used heat treatment carbon. Sample L is platinum 20 [%], the carbon 
support 80 [%], and ash content. 0 [%], Sample M is platinum 20 [%], the carbon support 76 [%], and ash 
content. 4 [%], Sample N is platinum 20 [%], the carbon support 72 [%], and ash content. 8 [%], Sample O 
Platinum 20 [%], the carbon support 68 [%], ash content 12 [%], Sample P Platinum 20 [%], the carbon 
support 64 [%], ash content 16 [%], In platinum 20 [%], the carbon support 60 [%], ash content 20 [%], and 
Sample R, platinum 20 [%], the carbon support 56 [%], ash content 24 [%], and Sample S contain [ Sample 
Q ] platinum 20 [%], the carbon support 52 [%], and ash content 28 [%]. 

[0085] The electrode catalyst bed of the air pole of catalyst powder / PTFE=60/40, basis weight 15.0 
[mg/cm2], and the amount 1 .8 of platinum [mg/cm2] was produced by the weight ratio. These electrode 
catalyst beds changed porosity epsilon, and measured the electrical resistivity rho and the electric resistance 
Rc of an electrode catalyst bed at this time. The result is shown in drawing 31 and drawing 32 . According 
to drawing 31 , the electrical resistivity rho of an electrode catalyst bed is large, and, as for the extent, what 
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has the larger porosity epsilon is larger as the ash content content of the electrode catalyst bed of an air pole 
becomes large. It is in the inclination for the ash content content of an electrode catalyst bed to be more than 
10 - 15[%] extent, and for the electrical resistivity rho of an electrode catalyst bed to increase rapidly. 
Moreover, the electric resistance Rc of an electrode catalyst bed is large, and, as for the extent, what has the 
larger porosity epsilon is larger according to drawing 32 , as the ash content content of the electrode catalyst 
bed of an air pole becomes large. It is in the inclination for the ash content content of an electrode catalyst 
bed to be more than 10 - 15[%] extent, and for the electric resistance Rc of an electrode catalyst bed to 
increase rapidly. 

[0086] Therefore, since electrical resistivity rho of an electrode catalyst bed can be made small by making 
ash content content of the electrode catalyst bed of an air pole below into 15[%] extent (preferably 10 [%] 
extent), the current distribution inside a eel can be equalized, joule loss can be controlled small, and the 
effectiveness of this invention can be heightened more. Moreover, there are the electric resistance Rc of an 
electrode catalyst bed and effectiveness which can make small further the voltage drop IRc of an electrode 
catalyst bed by making ash content content of the electrode catalyst bed of an air pole below into 15[%] 
extent (preferably 10 [%] extent). In addition, although this example described the case of nickel as ash 
content, even if ash content is chromium, iron, cobalt, copper, and those alloys, of course, it does the same 
effectiveness so. 

[0087] For the example comparison of a comparison, the electrode catalyst bed was created with the 
conventional technique using the block diagram of the conventional electrode catalyst bed shown in drawing 
44 . the inside of the field of the slash shown in drawing 44 R> 4 — the specification was decided to become 
in the center mostly. In drawing 44 , the amount of platinum of 50 [%] and an electrode catalyst bed was set 
to 2.7 [mg/cm2], and thickness was set [ the platinum concentration (platinum support expense, weight 
ratio) of catalyst powder ] to 1 10 [mum] for the PTFE content (weight ratio) of 30 [%] and an electrode 
catalyst bed. 

The ash content to which, as for example of comparison A. catalyst powder, 30 [%] and carbon support use 
[ platinum ] 58 [%] and nickel as a principal component by the weight ratio used the thing of 12 [%]. Carbon 
support used heat treatment carbon. The rate of a volume ratio of the produced electrode catalyst bed was as 
follows. 
[0088] 
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[0089] Porosity epsilon was 33.6 [%] and electrical resistivity rho was 1.04 [omegacm]. 

As for example of comparison B. catalyst powder, platinum used that in which 30 [%] and carbon support 

do not contain 70 [%] and ash content by the weight ratio. Carbon support used heat treatment carbon. The 

rate of a volume ratio of the produced electrode catalyst bed was as follows. 
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[0091] Porosity epsilon was 29.3 [%] and electrical resistivity rho was 0.68 [omegacm]. The porosity 
epsilon of the electrode catalyst bed produced with the conventional technique irrespective of the existence 
of the ash content in an electrode catalyst bed in the examples A and B of a comparison as mentioned above 
was about 30 [%] very small. Moreover, electrical resistivity rho did not contain greatly what contains ash 
content in an electrode catalyst bed. 

[0092] In order to compare with the example of an example 10. comparison, the electrode catalyst bed was 
produced by the approach of this invention. The specification was decided as follows than the result of 
examples 1-9. The amount of platinum of 40 [%] and an electrode catalyst bed was set to 1 .8 [mg/cm2], and 
thickness was set [ the platinum concentration of catalyst powder ] to 185 [mum] for the PTFE content 
(weight ratio) of 20 [%] and an electrode catalyst bed. The ash content to which, as for catalyst powder, 20 
[%] and carbon support use [ platinum ] 72 [%] and nickel as a principal component by the weight ratio used 
the thing of 8 [%]. Carbon support used heat treatment carbon. The rate of a volume ratio of the produced 
electrode catalyst bed was as follows. 
[0093] 
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[0094] In this example, basis weight was [ 64.7 [%] and the electrical resistivity rho of 15.0 [mg/cm2] and 
porosity epsilon ] 2.07 [omegacm]. Porosity epsilon had become twice [ about ] although the thing of this 
example had large electrical resistivity rho a little as compared with the example of a comparison. Carbon 
paper was joined to the electrode catalyst bed of the air pole of this example and the example A of a 
comparison, and it considered as the electrode of an air pole. Furthermore, the eel was assembled on the 
same conditions as an example 1 using the fuel electrode and the two above-mentioned sorts of air poles 
which were produced in the example 1, and the eel was operated. The phosphoric acid was applied to the 
electrode catalyst bed of the two above-mentioned sorts of air poles, and the electrode catalyst bed of a fuel 
electrode before the assembly of a cel. The phosphoric acid applied the amount which occupies about 40 
[%] of the hole volume of each electrode catalyst bed. Concentration applied about 100 [%] and, as for the 
phosphoric acid, temperature applied the thing of about 120 [**]. 

[0095] To the electrode catalyst bed of a fuel electrode, impregnation was completed by about 1 [h] after 
phosphoric-acid spreading. Moreover, although impregnation was completed by about 2 [h] to the electrode 
catalyst bed produced by this example, the electrode catalyst bed produced by the example A of a 
comparison took the time amount more than 20 [h] at impregnation. The electrode catalyst bed which 
produced this by the example A of a comparison has PTFE content as high as 50 [%], ****** is [ it is 
strong, and porosity is as small as 33.6 [%], ] precise, and it is because a phosphoric acid could not sink in 
easily. On the other hand, it is because PTFE content has 40 [%] and proper ******, porosity is also 64.7 
[%] and a proper value and the impregnation of a phosphoric acid completed the electrode catalyst bed 
produced by this example for a short time. Current density I took the after [ abbreviation 2500[h] operation ] 
eel voltage-current consistency property in the condition of 300 [mA/cm2] by 200 [**]. Furthermore, 
current density I operated continuously in the condition of 300 [mA/cm2], and evaluated the eel electrical- 
potential-difference-operation-time property of two sorts of eels, and the 02 gain-operation-time property. 
These results are shown in drawing 33 -35. 

[0096] A eel voltage-current consistency property is taken drawing 33 adjusting a fuel (H2:CO 2= 80:20) 
and the rate of gas utilization of air to 80 [%] and 60 [%], respectively, and what produced the electrode 
catalyst bed of the air pole of a eel by the example A of a comparison has a high eel electrical potential 
difference by the low current consistency, and it is low with high current density. Moreover, what was 
produced by this example has a low eel electrical potential difference by the low current consistency, and it 
is high with high current density. Since a eel electrical potential difference is high by the low current 
consistency, or it is as low as porosity 33.6 [%], since that to which this produced the electrode catalyst bed 
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of the air pole of a eel by the example A of a comparison has many amounts of platinum of the electrode 
catalyst bed of an air pole as 2.7 [mg/cm2], and gaseous diffusion nature is bad, in high current density, the 
eel electrical potential difference is low. On the other hand, since its porosity is as high as 64.7 [%] although 
what produced the electrode catalyst bed by this example has a low eel electrical potential difference by the 
low current consistency, since there are few amounts of platinum of the electrode catalyst bed of an air pole 
as 1.8 [mg/cm2], and gaseous diffusion nature is good, in high current density, the eel electrical potential 
difference is high. 

[0097] According to drawing 34 , although what produced the electrode catalyst bed of the air pole of a eel 
by the example A of a comparison has a high eel electrical potential difference in early stages of operation 
as compared with what was produced by this example, after about 2000 [h], it is reversed, and becomes low, 
and the property of a subsequent eel electrical potential difference with the passage of time is getting worse.' 
On the other hand, although what produced the electrode catalyst bed by this example has a low eel 
electrical potential difference a little in early stages of operation, the very stable property with the passage of 
time is shown after about 2000 [h]. According to drawing 35 , corresponding to these, 02 gain which is the 
index of the gaseous diffusion nature of an air pole is increasing with time what produced the electrode 
catalyst bed of the air pole of a eel by the example A of a comparison. What produced the electrode catalyst 
bed by this example on the other hand has few increments with time in 02 gain which is the index of the 
gaseous diffusion nature of an air pole. Therefore, since the structure in an electrode catalyst bed is 
rationalized if the electrode catalyst bed of the air pole produced by this example is used, while a eel 
voltage-current consistency property becomes high, it is effective in that there are few increments with time 
in 02 gain which is the index of the gaseous diffusion nature of an air pole. 

[0098] The electrode catalyst bed was produced by the same approach as the example 1 1 . example 1 . The 
ash content to which, as for catalyst powder, 20 [%] and carbon support use [ platinum ] 72 [%] and nickel 
as a principal component by the weight ratio used the thing of 8 [%]. Carbon support used heat treatment 
carbon. Catalyst powder / PTFE=60/40, basis weight 15 [mg/cm2], and porosity produced the thing of about 
90 [%] by the weight ratio. This electrode catalyst bed was divided five and carried out press forming. The 
press prepared that into which temperature is changed from 20 [**] to 300 [**]. The SIMM for spacers was 
put into the perimeter of an electrode catalyst bed, and press forming of each electrode catalyst bed was 
carried out on 20 and five conditions of 50,100,200,300 [**] so that porosity epsilon and the rate C of a 
volume ratio of carbon support might become a planned value with the measurement of an electrode catalyst 
bed. The press pressure was adjusted in 10-100 [kgf/cm2]. 

[0099] for example, press temperature - by the planar pressure of 10 [kgtfcm2] extent, the thing of 20 [**] 
was pressurized for 5 minutes, and the thing of 100 [kgtfcm2] and 50 [**] carried out [ the thing of 50 
[kgtfcm2] and 100 [**] / the thing of 30 [kgtfcm2] and 200 [**] ] press forming of the thing of 20 [kgtfcm2] 
and 300 [**], respectively. After checking that the porosity epsilon of the electrode catalyst bed after press 
forming and the rate C of a volume ratio of carbon support suit the planned value, electrical resistivity rho 
was measured. The result is shown in drawing 36 . If press forming of the electrode catalyst bed is carried 
out at the temperature of 50-300 [**], although the rate C of a volume ratio of carbon support is the same 
according to drawing 36 , it is smaller than the case where press forming is carried out at the room 
temperature whose electrical resistivity rho of an electrode catalyst bed is 20 [**] extent. 
[0100] By raising press- forming temperature beyond a room temperature, this is considered because the 
difference has arisen in the behavior of that PTFE in an electrode catalyst bed becomes easy to flow at the 
time of press forming, and PTFE. As mentioned above, while being able to make low the pressure which 
presses an electrode catalyst bed by carrying out press forming of the electrode catalyst bed at the 
temperature beyond a room temperature, for example, the temperature of 50-300 [**], 10-50 [kg£/cm2], the 
rate C of a volume ratio and porosity epsilon of carbon support can make small electrical resistivity rho of 
an electrode catalyst bed under certain conditions, and can heighten the effectiveness of this invention more. 

[0101] The electrode catalyst bed was produced by the same approach as the example 12. example 1. The 
ash content to which, as for catalyst powder, 20 [%] and carbon support use [ platinum ] 72 [%] and nickel 
as a principal component by the weight ratio used the thing of 8 [%]. However, carbon support used two 
sorts, what is heat treatment carbon, and the carbon (it abbreviates to non-heat-treating carbon) which has 
not performed heat treatment. Catalyst powder / PTFE=60/40, basis weight 15 [mg/cm2], and porosity 
produced the thing of about 65 [%] by the weight ratio. Carbon paper was joined to this kind of electrode 
catalyst bed, and it considered as the electrode of an air pole. The eel was assembled on the same conditions 
as an example 1 using the fuel electrode and the two above-mentioned sorts of air poles which were 
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furthermore produced in the example 1, and the eel was operated. Current density I carried out about 10,000 
[h] operation in the condition of 300 [mA/cm2] by 200 [**], and aging of the eel electrical potential 
difference E was measured. 

[0102] As shown in drawing 37 , what used heat treatment carbon for the carbon support of the electrode 
catalyst bed of an air pole went up to 660 [mv] the first stage in the middle of 650 [mv], and the things using 
last 655[mv] and non-heat-treating carbon were 660 [mv] and last 600 [mv] extent the first stage. Moreover, 
for reference, as shown in drawing 38 , aging of 02 gain deltaEo2 of a eel was measured the middle. 
Thickness L and the electrical resistivity rho, and the electric resistance Rc of an electrode catalyst bed of 
the above-mentioned eel were measured this operation test front and after the operation test. [ of an air pole ] 
These results are shown in drawing 39 R>9- drawing 41 . 

[0103] Although what used heat treatment carbon for the carbon support of the electrode catalyst bed of an 
air pole did not almost have loss in quantity when loss in quantity of carbon support was analyzed before 
and after the operation test, the quantity of the thing using non-heat-treating carbon was decreased more 
than 25 [%] by weight, and the rate C of a volume ratio of carbon support was decreasing. This is for non- 
heat-treating carbon to corrode during eel operation as compared with heat treatment carbon, and to tend to 
disappear, for this reason, the thing using non-heat-treating carbon to the thing whose thickness L of an 
electrode catalyst bed it is about 1 law which used heat treatment carbon for the carbon support of the 
electrode catalyst bed of an air pole before and behind an operation test as shown in drawing 39 - thickness 
L of an electrode catalyst bed - 20 [ near ] [%] - it is thin. This means that the pulse duty factor of the 
phosphoric acid substantially occupied to the pore of an electrode catalyst bed rises, and the diffusibility of 
gas falls, and causes [ of 02 gain deltaEo2 which are lowering of the eel electrical potential difference E, 
and the index of the gaseous diffusion nature of an air pole as shown in drawing 37 or drawing 38 ] an 
increment. 

[0104] According to drawing 40 , to what used heat treatment carbon for the carbon support of the electrode 
catalyst bed of an air pole being almost fixed before and behind an operation test as for the electrical 
resistivity rho of an electrode catalyst bed, the thing using non-heat-treating carbon has the large electrical 
resistivity rho before an operation test, and after the operation test is still larger. It can say that the same is 
said of the electric resistance Rc of the electrode catalyst bed of drawing 41 . In order to pull out the 
effectiveness of this invention effectively, it is important that the internal structure and physical properties of 
the electrode catalyst bed expressed with the rate C of a volume ratio, porosity epsilon, electrical resistivity 
rho, etc. of carbon support of a eel before operation seldom change with time during operation. [ of an 
electrode catalyst bed ] Therefore, in this example, since the internal structure of an electrode catalyst bed 
and aging of physical properties are made few by using heat treatment carbon for the carbon support of an 
electrode catalyst bed, and controlling disappearance by the corrosion of the carbon support under eel 
operation, the eel electrical potential difference E and aging of 02 gain deltaEo2 are improved, and the 
effectiveness of this invention can be heightened more. 

[0105] The electrode catalyst bed was produced by the same approach as the example 13. example 1. The 
ash content to which, as for catalyst powder, 20 [%] and carbon support use [ platinum ] 72 [%] and nickel 
as a principal component by the weight ratio used the thing of 8 [%]. Carbon black support used heat 
treatment carbon. The thing of catalyst powder / PTFE=60/40, and basis weight 1 5 [mg/cm2] was planned 
by the weight ratio with the preparation base. Since the additive of the organic substance, such as a 
dispersant, was added in the middle of manufacture, the electrode catalyst bed considered these effects. 
First, two sorts were produced although not washed with what washed the above-mentioned additive with 
the acetone before heat treatment of an electrode catalyst bed. Washing of an acetone carried out 20 [h] 
immersion of the electrode catalyst bed at the acetone, and it was performed, giving supersonic vibration to 
an acetone. 

[0106] The electrical resistivity rho of the two above-mentioned sorts of completed electrode catalyst beds 
was measured after the last baking of about 360 [**]. The result is shown in drawing 42 . Moreover, 
although what did not carry out acetone washing before heat treatment in the middle of electrode catalyst 
bed production carried out acetone washing, the weight and the volume of carbon support were decreasing 
to about 70 [%]. On the other hand, what carried out acetone washing had become basis weight as planned, 
what washed with the acetone what does not carry out acetone washing in the middle of production of an 
electrode catalyst bed according to drawing 42 - comparing - electrical resistivity rho - 1-2 [omegacm] 
extent - it is large. 

[0107] What is not washing this with an acetone in the middle of production of an electrode catalyst bed is 
because the additive of the platinum contained in the electrode catalyst bed at the time of the last baking and 
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the organic substance reacted and a part of carbon support was vanished. On the other hand, since the 
amount of the additive of the organic substance with which what was washed with the acetone remains is 
decreasing and disappearance of carbon support is controlled by heat treatment of the last baking etc., the 
rate C of a volume ratio of an electrode catalyst bed is maintained greatly. In order to pull out the 
effectiveness of this invention, it is important to realize the internal structure of an electrode catalyst bed as 
planned. Therefore, in this example, acetone washing is carried out before heat treatment in the middle of 
production of an electrode catalyst bed, the ullage of the additive of the organic substance in an electrode 
catalyst bed is decreased, and since the rate C of a volume ratio of the carbon support of an electrode 
catalyst bed is maintainable in the proper condition, the effectiveness of this invention can be heightened 
more. In addition, although the acetone was used in this example, of course, other organic solvents can also 
be used. 

[0108] The electrode catalyst bed was produced by the same approach as the example 14. example 1 . The 
ash content to which, as for catalyst powder, 20 [%] and carbon support use [ platinum ] 72 [%] and nickel 
as a principal component by the weight ratio used the thing of 8 [%] as well as the example 2. Carbon 
support used heat treatment carbon. Catalyst powder / PTFE=60/40, and the electrode catalyst bed of the 
fuel electrode of basis weight 6.0 [mg/cm2] were produced by the weight ratio, and catalyst powder / 
PTFE=60/40, and the electrode catalyst bed of the air pole of basis weight 15.0 [mg/cm2] were produced by 
the weight ratio. The porosity epsilon of the electrode catalyst bed of the above-mentioned fuel electrode 
and an air pole was set to 65 [%], and it joined to carbon paper and considered as the fuel electrode and the 
electrode of an air pole, respectively. 

[0109] Furthermore, the eel was assembled on the same conditions as an example 1, and the eel was 
operated. However, the phosphoric-acid coverage of the electrode catalyst bed of an air pole changed the 
phosphoric-acid pulse duty factor of the electrode catalyst bed of an air pole to 10-90 [%]. Adjusting the rate 
of gas utilization for a fuel (H2:CO 2= 80:20) and air to 80 [%] and 60 [%], respectively, after temperature 
200 [**] and current density I operated by 300 [mA/cm2] and the property was stabilized, current density I 
was changed to 100-800 [mA/cm2], and the eel electrical potential difference E at that time was measured. 
This is shown in drawing 43 . If a phosphoric-acid pulse duty factor is too small, phosphoric acids run short, 
and since diffusion of gas will worsen if too large to objection, this is being reflected in a eel electrical 
potential difference. According to drawing 43 , in 30-70 [%], a eel electrical potential difference has the 
high phosphoric-acid pulse duty factor of the electrode catalyst bed of an air pole. Especially, in 40-60 [%], 
the eel electrical potential difference shows maximum and its phosphoric-acid pulse duty factor is desirable. 
It is drawing 44 which was displayed with voidage instead of the phosphoric-acid pulse duty factor. 
[0110] According to drawing 44 , in 20-45 [%], a eel electrical potential difference has the high voidage of 
the electrode catalyst bed of the air pole after phosphoric-acid impregnation. Especially, in 25-40 [%], the 
eel electrical potential difference shows maximum and voidage is desirable. For the cost reduction of a fuel 
cell That it is stabilized by it being required to be able to take high current density and controlling the 
voidage of an electrode catalyst bed also by high current density more than 400 [mA/cm2] to 20-45 [%] 
(preferably 25-40 [%]) like this example, and a load can be taken The effectiveness of this invention can be 
heightened more. 

[01 1 1] In addition, although this example described the air pole, of course, it is applicable also about a fuel 
electrode. Moreover, although the air pole was mainly described about the example of this invention, of 
course, application application can be similarly carried out to a fuel electrode. Furthermore, although 
platinum was described as a catalyst metal, of course, application application can be similarly carried out 
about the case where catalyst metals, such as palladium other than platinum, a rhodium, iridium, a 
ruthenium, and an osmium, are contained. 
[0112] 

[Effect of the Invention] As explained above the 1st term of a claim of this invention The matrix which sank 
in the electrolyte, and the electrode which consists of the fuel electrode and air pole of a couple which were 
prepared in the both sides of this matrix, In the electrode of the fuel cell formed by carrying out the 
laminating of two or more unit cells which consist of the fuel passage of a couple and air passage which 
were formed in the outside of these electrodes through a separator One [ at least ] electrode catalyst bed of 
the above-mentioned fuel electrode and an air pole It becomes carbon black support from the catalyst 
powder which supported the ash content which is one or more sorts of metallic elements except platinum 
and platinum, and a fluororesin. The rate of a volume ratio of the above-mentioned carbon black support 
Since it was referred to as 10-25 [%] (preferably 15-20 [%]) to the above-mentioned electrode catalyst bed, 
while being able to raise more a eel voltage-current consistency property and the property of a eel electrical 
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potential difference with the passage of time, the effectiveness that the impregnation of electrolytes, such as 
a phosphoric acid to an electrode catalyst bed, becomes prompt is done so. Furthermore, the effectiveness 
that the voltage drop by electric resistance can make the sum of 02 gain small, and a eel electrical potential 
difference can be made high is done so. 

[0113] Since the 2nd term of a claim of this invention set the porosity of an electrode catalyst bed to 50-80 
[%] (preferably 60-70 [%]), the voltage drop by electric resistance, H2 gain, and 02 gain become small, and 
it does so the effectiveness that a eel electrical potential difference can be made high. 
[0114] Since the 3rd term of a claim of this invention set fluororesin content of an electrode catalyst bed to 
20-60 [%] (preferably 30-50 [%]), it does so the effectiveness that the sum of the voltage drop by electric 
resistance and 02 gain can be made small, and a eel electrical potential difference can be made high. 
[01 15] Since the 4th term of a claim of this invention set platinum (content) concentration of the catalyst 
powder of an electrode catalyst bed to 10-40 [%] (preferably 15-30 [%]), it does so the effectiveness that the 
sum of the voltage drop by electric resistance and 02 gain can be made small, and a eel electrical potential 
difference can be made high. 

[0116] Since the 5th term of a claim of this invention made ash content content of the catalyst powder of em 
electrode catalyst bed below 15 [%] (preferably 10 [%]), it does so the effectiveness that electrical resistivity 
and electric resistance can be made small. 

[01 17] Since the 6th term of a claim of this invention set voidage of an electrode catalyst bed to 20-45 [%] 
(preferably 25-40 [%]), it does so the effectiveness that a eel electrical potential difference can be made 
high. 

[01 1 8] Since the 7th term of a claim of this invention made carbon black support of the catalyst powder of 
an electrode catalyst bed the heat treatment carbon support more than a consistency 1 .8 [g/cm3], it does so 
the effectiveness that a eel electrical potential difference and the property of 02 gain with the passage of 
time are improved. 

[01 19] Since the 8th term of a claim of this invention set thickness of an air pole catalyst bed to 100-350 
[mum] (preferably 150-300 [mum]), it does so the effectiveness that the sum of the voltage drop by electric 
resistance and 02 gain can be made small, and a eel electrical potential difference can be made high. 
[0120] Since the 9th term of a claim of this invention set thickness of a fuel electrode catalyst bed to 50-250 
[mum] (preferably 100-200 [mum]), it can make small the sum of the voltage drop by electric resistance, 
and H2 gain, and does so the effectiveness that a eel electrical potential difference can be made high. 
[0121] Since the 10th term of a claim of this invention includes the process which carries out press forming 
of the electrode catalyst bed by the temperature of the range of 50-300 [**], and the pressure of the range of 
10-50 [kgf7cm2], it does so the effectiveness that electrical resistivity of an electrode catalyst bed can be 
made low. 

[0122] Since the 1 1th term of a claim of this invention includes the process which carries out extract 
clearance of the organic substance, being immersed in organic solvents, such as an acetone, and giving 
supersonic vibration before press forming, it can make electrical resistivity of an electrode catalyst bed low, 
therefore does so the effectiveness that a highly reliable fuel cell can be offered by low cost. 

[Translation done.] 
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> (j^T^ffi*-#>ius-r) *ffl.i>fc. z<omm 
'gmmztttcT-t h>tc2 o^ra oar. #cc 

[ h ] it5) SSI TS@18£B(fi©#&SiM?©W<I 
^©*SP#*«HJI&*LTS^Lfc&. «*&fl«JtC 3 6 0 

[•c] ©sg-c&jau ^©f£5f?&isj2 0 re 3 xyu 

[0 04 2] COXfsmv. fifiJtT?fcfc^3fc/PTFE 

= 60/40. mttm&^tc *) (Dmmfmmomm (*f 

S) 15.0 [mg/cm'] ©^,ffi©«fiBttJ«JB*fra8l, 
fc. B-O^ffi-C. MMtt-ca#*sl 0 [%] . 

($l&Jl*7-*» 9 0 [%] ©MJ&BfcfciPT 30 
FE4fl,'t, fifitb-Cfl4J««9*/PTFE = 6 0/4 
0. *F»6 .0 [raq/cnf] . fm^6 5 [%] <Dtmm 

^cDftWtt^c^^bS-a-. c©£#il®»B«#©§i, 
?L*eiJ13L*SiJ^L,fc„ -£©&Jil£0 1 i@2KS 

[0 0 4 3 ] m lKJrfttf. 7lsXBjjP<Djz$ZlcJ: 

^U^EE*P^*t>«i'*-#>ffl<*<D»fflJ:b 
$C^<%otu5. Sfc. H2KJ:*i«m*ifcM8 
B©#-^>ig#©#fIJ:b^c#;*# < fcStc-^n-c. 
tiiiii ©ft?L* e sw? s l 5 < & r t, » * . 

^ffifiS&Jl (DM 3 L li-fe 3 > A ? h {fc© 6 HVh 

#-#>ilft©#fmt*c#i 0 

-15 [%] JW±-C^Wr.5ffi|S)(C*S 0 
[0 04 4] |BJ$HcS3K:J:*itf. S@fl*&H© 

#-^>:lg{*©^i:b^C#*€KftS&con-C. 
MMUIO* AtSSQC p RWimJSta R c 2^ ?<ijt- 3 t 50 



WfH¥7-2 0 1 334 
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**. *-^>ffift<D<*SJ:b^C*U 0-1 5 [%] «_k 
f*©fl«J:b*C*l 0 [%] (*?*L<«1 5 [%] ) 

[00453 mmmR^M&<D j mmmmmicij 

S<t l,X-teMt1&?ftiXtc. 10 0 [/im] ©v h 
^?LSS©1 0 0 [%] . mSRO'^?L«*-^>«iC 

te£?v&m<?>m 4 o [%] cDy^^^at-fc. 

iC«mSM^CD*-JiOS«:(Df*ai:b*C %S^{c^ 

ib3#fc^©4fflt,>fc„ ^;l/*?aS2 0 0 [*C] -e«s*4 
(H,:CO, = 80:20) Ry^4^^fiJffl¥*s^ 

n^nso [%]&y [ 6 0 [%] rtttjf&L-cseo'C. 

EEi^T I R c *iM5£ U/c„ t>-rn fcmjfe^K 1B300 

[mA/cm 1 ] xmmvtc. *(Dmmzw4R?m5ic9ik 

T. 

[0 046] E4KJ:n(S. - 

mSfiKiJS©^i)EI^T I R c < % D , 
*CD^J:b^C3&5 1 0-15 [%] felirfiSfO-r-Sffltni 

^tetfctt^oo, y-r >AE o,d^^< ^c«?, 2^, 

®©^ffifi4<®)l©*-^>ffi(*©«aJ:b*C*i2 0-2 
5 [%] &.±VMmirzmfol l c<bZ. WiJ;^. 04^ 
6W^»S©^ffiMSK H©*-*>iift©ft«J:b*C K 
10-25 [%] (S7*b<lil 5-2 0 [%] ) *5M 

[0047] ^©Ha^^^WtCia^cfcOAi^S t? 

H5KJ:n«. ^©©m^ffiMjiJl©*-^/^ 
{*©f*Stb^C ifi 1 0 - 2 0 [ % ] -CSmS©mfiBS4^ 

©©SEEPrri Rcit^oo,y-{>AE o,©fn#i/h 

3<&-3Tl>4. ^(C*-^>S»©»»i:b^C*sl 5 
-2 0 [%] "Ctil 2 0 [mv] Wra©©/hSC*fiii&o 
-CfcO^FSL-l^ cn6CC*ffEL-C^S©m®fi4«EJl 
©*-5iOffl^©#SJt^C*U 0-2 5 [%] r--fe;u 
lEE*!»<)5:^tU5. ^c*-^*>a<*©«:«l:b^ 
C*J 15-20 [%]-C(±65 0 [mv] fJ«©iSt>fiii 
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/Jn<* < & r> T*$ 0 ■kJl'&E. E # * - ©#fSib^ 
mtmc*\ 0-25 [%] 

[%] ) ©ffiaK^s^^icfijai-rn^ ^©©n& 

&z--#>m#<D#&ttmc(Dmw*:%:Mc < <,>&©# 
[0049] imm2 . wm i tmmttm-cnmm 

i-r^K^*58 [%] ©4>©£m>fc. ^-doarni 

&&JI:*7-#>£fBl,>fc„ mStbT?«4«t9^/P T F E 
= 6 0/4 0 . £f«6 .0 [mg/crf ] ©M*«©KffijB! 
JSUf > SO'SSit-CM^^/P TFE=60/40, 
M15.0 [mg/cm'] ©£«ffi©mffifel!igJl£ft$3il- 

fc. c ti e> <Dm.ww%.v^imcomm®mm s 
[0050] ccommm2 -c». ^eat/^.is©m 

)I^P^if^(ii'a?L^£^3 < tt^x^Z. 3 6 

(DWffikMcwbz < t £ v . m«sfcia8iJi©^migSi^p 

p «^ffiM$B©5v?L$ £*S75~80 [%] J^T^'h 
SS^@©*-*r>ffi»©»aJ:t;^Ctil 0~1 5 [%] 

[0051] ±Mm*mx.u£tmo>mmte.mmici}~ 

C&ftX-k)l*1S.&±LXX-te)l><DTMM&f-?tc. 2 0 0 

[•c] -eaiEL-c. «tt*j£jei<T*»&. sataesn** 

3 0 0 [mfl/cm' ] ©t#3irC;tf*fi2;ffct*fc©I?fffi£fT-3 
fc. ^^©^XffitSjttCjg^r^^H^-r^AE,, 
££M©©#Xffiifc14©Jglir&SO J ^>AE o,* 

We Ltc. zommz-zin^tim 8 so'ia 9 cc^-r. 
[oo52ii8«, mfm<Dnmmm<D£&&£ z 

«bstffci#£©*>©-c$>s 0 mnm<omw&mm<D 
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„,*s/h3 < ft^rfcl j^^ffi©mffiftBe?)B©»?L* e 

#5 0-5 5 [%] «±T*fil!«ir^ffl|Sj^*S. */c> 
C©iS©^ffi©^ffiS!l!^©*-#>«<*©<*SJt 
fCB2 0-2 5 [%]ggiiSotW. 

[0053] isi^itcia 9 izt8mm<Dnm%m®<Dm.nm 

£*65 [%] "C — Si-i l/T. S*@©^S8^B©M 
?L*£*^b3«fclg^©4>©-C*-5„ ^mS©^fiiM 

&B©m?u?£*5;*;#<&stcoftT, wo,*'^ 

> A E o , AVJs <* < T fc 9 . £M«©S®84*£B© 
10 »?L*£Ai5 0~5 5 [%] W±-CfiSfDTSftlifii^A 
4. c©<fc£©^@©miIM$Uf ©#-tf'>iI 

#OMtb*CB2 0-2 5 [%] «|*£tt-3Tlr»a. 
[0054]«±, H7-09 J:0;X©C<t#m;l-5 o 
Tfc *5 . «|st®&0^@©m@MjSM©»?L^ £ 
7 5-80 [%] «T (#-#>«fc«>fH«fc*CJ&J 1 
0-15 [%] S&fcLh) -CS@ft!l^)S©m^tHP*5 

^£*s 50-55 [%] «± ( # -^^.<owmtm 

C#2 0-2 5 [%] gfi«T) TMzJWDH.y-f >A 

B©«?WU#5 0-5 5 [%] W± (#-*>£<*© 
#Stb^C#2 0-2 5 [%] liSWT) r-fe^©O t 

[005 5] Lfc*s-,t, j^^R^mffi©^^ 
H©miFL^ £ * 5 0 - 8 0 [%] (»*L/<«60-7 

0 [%] fig) *o, mttm>v£Mm<Dmw&M®(D 
*>-#ismfc(Dwmitmc*\ 0-2 5 [%] (^1 

<» 15-20 [%] tc-TSCitCj:*?. 

«ss©^ms5t^P*5^3 < . ^misistcjc^^ii^T 

30 #/Jn£ !,>&©#?# 6*1. 3 6K-fe;K5H,y-/>AEo i 

-te^miE©i^C » *>©*!?# e> ti -5^^ * -5 . 
[005 6 ] H«feM3 . 1 <h|B]«(c*}4-cmfiiM 

^B=&^L.fc„ -r^cto^. mm<ommmw.<Dm.m^m. 
mvabz. zmMZ8&io [%) . *-^<>«f*86 

[%] . 4 [%] , limB«e^2 0 [%] ; t> 

-*>ifl»7 2 [»] . Wft 8 [%] . ^C«a^ 
40 3 0 [%] . #-#>JSt*5 8 [%] . R^-l 2 

[%] . B;if4D«e^4 0 [%] . 27-*->ig#4 4 
[%] . K^16 [%] fiSifc-CMi«l&*/P 
TF E = 6 0/4 0, £Ffil 5 .0 [mq/cra 1 ] ©^,® 

ORO'Hl KC*T„ 

[005 73 010 (C J:titf . ^«^©^W!^B©^ 

Jim £ < js-stcon-c. mffl&M®<Dm»&inm 
so p«t^»<tt- 9 r«s0. ^©SS«HW©S4««l&*©e 



u 

£$ftg©*#l>fc©ra£-3FLl>. —J}. 01 ItCitt 

*c tc*t-r zmmmM p omm^^c t cc a o , 

[0058] Cft£©^M®©mfiSfi4i&J!&c#-;i<>^ 
^■c-fe;w^ffl*AErr-fe;KZ>aK*tfofc„ 200 

3 0 0 [mA/W ] <Dt^-C^Xj£fftt4©|?ffi4tf o 

zmfeutc. froy&mzm i 2 tc^-r. 01 2&c<fcn 

t, -^©Cy-f >AE o,AMnS< ft-oT^S**, JH 
m>Jffl«*&5fc© a^igg©I2g?£ * * 0 ^w-r, *B8 1 
*©ffi^©<ai2(C^^ L X l > & . 
[00 59] eto-C. 01 lK<fc0. SffifcHSW©*- 
#>*flc©#lllJfc*C* 1 0 [%] «_k ($? * 0 < Mt 1 
5 [«] «±) fcA* cite J: 0 p*^3< 
tSCim, 01 2 «fc*3«fiBlitf«B©£l?L^£*5 
0 [X]«±(ff*l/<tt8 0 [X] «±) «C»*C£ 
KiOt^OO.y-TVAE o,*/J\3<"J-*C£;W"C 

pit;KDO,y-f>AE o,©W:£*ft«:/h3<*-*C 

[0060] XtfeM4 . 1 £H««E>#£-C««W 

[X] . *-^'>fi{**i7 2 [X] , ^9*;t*£tt& 
£f£Pc##8 [X] ©6©*Mt>fc. *-sK>a<*tt 

= 1 oo/o~4o/6occ^t3#a^a*5i .8 [■ 

q/cm 1 ] ftlTUFetfe 5 [X] ©£««©S«tti®B4 
ft*fLfc. «^3fc/PTFE = 6 0/4 0 ©«£■«:. 
S»ltigll<D*HbP 1 5 [mg/W] C©M® 

*p. scjfmftijfflEaRcftaceLfc. *©tsm*iai 3 

[ 0 0 6 1 ] HI 3 tc <fc*i«. ^S©li)WSi©P 

# - jK>fift©#aiJt*c «/hs < ft 13 . swcc^ffifl* 

JSB©B?SL*s^:t < ft-*Tt>£. $fc. PTFE^W 
33#2 0-6 0 [X] BR©«*(C#-#>ffl#<0Wi 
tb$C#l 0-2 5 [X] mSKftott,**,, 01 4tC 
«fcfi«. £»&©*««S©#-#>*Hfl:©#«tb3: 

c*^#<fts«:onr. «swai)B©smffifs^pa 
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OTtflttHftRcJW/hS<ttoT*t»). #-*>*!«:©<* 
gtb^Ctfl 5-2 0 [X] S0CJ!SU:T?ttPD-J-*«WlCC 
*S. cn6©^S©«ffi*B«a{C*-5j<>--:-^% 

[0062] 3 ^6sm 1 xrmbtcmmtt±& 
"fejMW«s*ffofc. 200 [*c] -caso-c. 

SSL/-C*»6^|ga 1^300 [mA/cm 1 ] ©tJJ8S"C 
10 >AEo, RO^m^Sfii&B&JiCmjEPST I R c * 

-e©ig^0i 5Rumi 6tc^-r„ 01 5 

KTlRc ti/h 3 < ft ») . * - «}< >tii*©f*«it* C A* 

10-15 [x] ss«±-cia*o-r-5ffl[tQ«:*^ 0 * 
fc. |gmffi©^@M«@©*-#>Sft©^aj:b*C*s 

**<ttS«co*n:.- ■fe^SiteBto^g^^xtt^tt 
*£tH©O z y-f>AEo ; *s^* < ft 9 > ^S©mSW 
«@©*-*">ffift©<*Sll:b^CAi2 0-2 5 [X] H 

20 gy±^^r smirks, 
' [0063] JBLkJ: 0.015 *>e»ti s Q$m<Dmm 
mm<DJj-#ym»<D{miimcizi 0-25 tx] e 

fflKtt 15-20 [%] a^*sg* l^Ci* 
JW±©B8^*£^^Cli'Hfc*>©*S01 6-C* 

s. 0i6tcj:n(^ mMM<D%mmm<Df}-^->m 

W<o&ffiVcMcifii 0-2 5 [%] SSr^S©lffi 
ft4SS®©^IEKTI Rc<t-fe;V©0,y-Y>AE o^fa 
< ft^-C^S. 1tK*-s|<>a(*©^aj:b^C^ 
15-20 [K] Hg-CtJl 10 [mv] W«®/h3C»ffl 
30 iftoTiB Wgl/tn JWiK^lSL/r. Sfl®©^® 
«BSJa©*-^>Sfl:©«:ffiJ:b^C3&s 10-25 [%] 

ftaib*C*il 5-2 0 [%] 5 0 [mv] M 

^©l*t>«i<fcft ^-CfcfJ^S L-t^ 
[0064] Ifci^oT, SMS©m®i4^@©*-*:' 
>j§(*©^Sl:b^C41 0-2 5 [%]ga(W*L< 
«1 5-2 0 [%] Sfi) ©iaHfcmffi^-^CiCCJ: 
0 . £m@©mffij«!jSM©®I|trF I Rci -bJKDO, 

y^>AEo 1 ©M'i^< 1 -en^iSLr. -fe^m 

40 EEE€:1S< ?Z>ZtifiXZZ>t^'>nmfi#>&. ^f*^ 
lcl*0 1 3 GCJ; 0 . ^©limiQ PTFEM 
m (fiSJtb) 4 2 0-60 [%] us (&£ L< «3 0 
-5 0 ©^HtcWS-r-SCiJCj:^. 
*>iHft©^iJ:b*C^l 0-2 5 [%] (JfSL- 

<«i 5-20 [%] us) ©©Bcc'gasniie©^ 
[0065] mut. ') >mmmnmm(D-te)i$:&mit 
mimc^i 0-2 5 [%] mm. m$n><&i 5-2 

so 0 [%] mm) ©SIHfcftSJr^fcmSiM^JlOPTF 
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[0 066] ^56^15 . ^IJfefll 1 £ISIit<D2r&-«t«fl* 

[96] . *7-tf>iHf*#S7 2 [96] . -yy;b££j$# 
£-f -SK##8 [%] ©fc©£El>?C #-*>ffl{*« 

*M&ffl#-ji*>*flH»fc. wmtt-cMtmm/p T F E 

= 6 0/4 0t«?L$£*i6 5 [%] -C*-4<>ffl»© 

(*ai:b*c*5i 9.3 [%] (DUfmvimtemmwE 
mbtc. nmmmmomzLZb 0-40 0 [»■]£ 

1 •Cf'PSlU^iWffiiifB^m^^fflC^-CIIIfeW 1 

0 0 ['C] r-«Kb-C«tt*3^L-Cd^^^S I ifi 
30 0 [mVW] ©t<38t?-feJl/«EE . ^m&©#X 

*£«sttt©j§^-c* so, y-f >a e o t %LU2ifm<Dmm 
mm<omKwr 1 r c*®m.vtc. ^-©jsjusrig 1 7 
ikvm 1 8 tc^-r „ 

[006 7] •tz>umfiE£i§«>Sfc»«:. ttffftHKMO/* 
Z. m 1 7 tcitili. £m®©mffi®&«Jg©J¥<*Lfci:b 

pi L,T£^g©msM!&n©mEEerF 1 r c < % 

■>TI,>S. •b^OO > y-r>AEo I t2«BMMUi 
©J9i?L#3 0 0-3 5 0 [Mm] tLb-C^ifl/TO 

@ 1 8fe«fc*ltf. ^«ffi©MS«ISJS©J15 L*»3 0 0 

~3 5o [Mm] JiLt-e, 2sm(Dn®fmm<DmE.m 

TI R c i-teJVOC^yw >AE o.OPatSOtl,' 

<fc *) . H2;PSE«^mffi©tiffiM^©J?3 LA* 10 0 
-3 5 0 [urn] fIg©ffifflrig<£c-3-Ct>5„ «FfC 
^©©M@&ftfSyf©JI<*L#l 5 0-3 0 0 [ym] 
fig©©fflT?«:6 5 0 [mv] ^^©liS^ffli^o-CteO 

[0 06 8] IfcAiot, ^SMI©®Ifel!i£@©/l<* L 
&1 0 0-3 5 0 [Mm] fig ($?£U<1;£1 5 0-3 
00 [/jm] gl) <!>m!miCffl®?2>Ctt l Cj:*)m>-te 
JMt£E©fc©*»»6ti. *«W<OJ»»*J:OK»*£:4 

jiiE{t-r4C4«:J:»)«f*l<DflefflKtf««s«c<tt»). * 

[0 06 9] H$&0d6 . HJStfiJ 1 ARMttftttvaSM 

[96] . #->K>ffl#a*7 2 [96] . -»-!r;l/%^S^ 
i-TSR^*i8 [96] <Dt©4flI(,»fc. tf-jJOJHtttt 
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mm*-#>imi.*it. mmt-cmmnz/'PTF e 

= 6 0/4 0, J?S1 5 .0 [nKj/cm'] . M?L*£#6 

5 [96] . #-*>*§f*©(*ffJt*C#l 9 .3 [96] 
©^^©^fiB^B^^iSL/c C©^M@©^SM 
««BCC*-*>-<-^-*S^Lr^aS©mffi<i: Ufc. 

40, si?l*£*56 5 [%] . *)-#>mtt<D#m)±m 
c*n 9 .3 [%] omw<onmmmirmLiu 
mmtimm<Dm2L&3 0-3 5 0 [Mm] tc^bstt 

[0070] $ e.cc iiBismai^Si^ffluTjijfi 

tc. 200 fc] vmuLx^m^^ux^tbm^ 

6 1 #3 0 0 [m/v^on 1 ] ©l£^rj&)&ffi©#;*&»t£ 
©Jg«-C* S H, y ^ >A E „ Rom«0*«tt8Pf 

©stot 1 r c zmmutt. *<Dmm*m 1 9 R&m 

2 0^. ^^lE^iif^-S/citiic. mffift$iJl©JP 

20 -cc^o la 1 9sj>*S2 o»^-nfc>pftt;-rs^©-c* 
So 0 1 9 tc£trtxmm<D^mmim<omz ucttm 
L-cf!mm<Dmw®.mm<DW£!%T 1 r c < & 
rc^-s. ■feju©H,y-c>AE„ I «msfl4Sgja© 
/s$l#2oo-2 5 0 [Mm] M-t-emwux^z. 

[007 1 ] y.±<Dm&&m&#>lCiM'<tci><D&m2 0 

r*S„ S2 0{cj:ti{^ il^4ffi©mS«B«e©^S L- 

*i 200-250 [Mm] W±r . M«S©mSft4^B 
©^BE^T I R c i-fe;W©H 2 y-Y>AE Bl ©jfn*^if 

L-rt^. j^*4@©^i@ft4^©W3^< ur-fe;^ 

5 0-2 5 0 [Mm] fES©ffiHT-lS< feo-Cl^. # 

tc, j^*4«B©mffiM<®ji©ii$ l*u 0 0 - 2 0 0 [ m 

m] fI]g©«afflT«6 5 0 [mv] m'<k<Dft\,m±U^X. 

L*50-250 [Mm] fiK (Sf$L<«100-2 
00 [um]mm) ©®HK:S!l®-r-5C4CC«fc!3jS^-t2 

)vmmo t ©*sf# e> n . *^©^$- j: o isa & c ^ 

40 iSiE^b-rsc4K:J:f3»eg©ffiffi(c£ffc-*^< ScO. -fe 

[0072] mmmi. mmm 1 tfrnrnttm-cima 
wummifmirtt. n¥4©g4«s«5*«M^©aait 

■C^©fc©*ffll^c 0 ^?jSK{*5-5 0 [%] v$> 

[%] . #-**>t!{*9 3 [%] . K» 2 [96] . « 
^F«S^10 [96] . *-^>iS<*8 6 [96] , K# 
4 [96] . l>mGtt&£l 5 [96] . 7 
50 9 [96] , K# 6' [96] . smmtB^2 0 [96] . 
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#-#>Hft7 2 [%] . K# 8 [%] . KftltiB 
^3 0 [%] . #-^>fflf*5 8 [%] . 2 
[%] . KftJ tt£&4 0 [%] . *-^>ffi«:4 4 
[%] . Kftl 6 [%] . i*f4Ktta&5 0 [X] . * 

3 0 [X] . 1^2 0 [X] 
[007 3 ] g*it-Cfl*$*J3;/P T F E = 6 0/4 
0. W15.0 [ma/on 8 ] ©3££ie©«gHS«S*fP 

MMLtc. -&©ig£l£02 lS^I2 2(C^t. ^ 2 1 

< a h <£r>nTnmtemm<DwmiKm p < 
ftotfcD, ^©as«m$£ ©*£!,>*>©«<!:*# 
t>. *&&*»;£© s#£g# 4 o [%] M_k-cm&mim 
<Dmm.mtam p vim? z mn * . 

[0 0 7 4] 02 2(c«fctlii. £Stffi©H«!i 

^©M&*&3fc©S#r6K#:*i* < ftSfconr . ^ 

S©mffiM«ut ©ma«Jx r c t < tt o r *>• f) , 

©agttMft^e©*^^©^'*^,, feB&fftjf;© 
6£?gg# 3 0-40 [X ] gSJiUi-CSSftBSH©* 

©m@flt^)i©aB®^©a^sa*!4o [x] mm.u 

T (ff*L<tt3 0 [X] SgOT) ©l6B©£>©£ffi 

ffl-r & c i tc «t o s«aMmwoss«s£iQ» * rotors 

StR c < -CS -5©T-fe;K^SI5©«s£^*^— fk 
[0075] ifc, SMSi©SSfeBSB©fi4l«l9*©d 

B!l$iJI©5*j. ftfl$£#65 [%] ©fc©CC. 

>^-^*^or^5vffi©mffi<!:Ufc 0 se>Ki^^i 

D^-c-fe^*ffl*S:rr-fe;u©aite*tf ofc„ 200 
[*c] •ca^b-c^i4*is^L.r*ip.m^sg« i #3 o 
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^Mmm<Dfmm-*.<D&&i&g.&3 0-40 [x] a 

flMJLht?*itr4«rSUC**. «±tcJ:»J. 02 3#>6 
«^6i©m^flKfllJl©fi4^5R©a#?S|g4 0 [X] 
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6©SffiM««lWSi?L*e=&^t3-S, C©i*©^@ 
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40 [00801025 K=fcn«. ^^g©m^W«fl©P 
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(10) 

17 

[oo8n § hie, 02 7«icfcn«. ^mommm 
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SIR c*s#L<^ifrS«l^«:$>^ B 02 8-03 OK 

Jrtiw:. £§t@©^@iaii8Jl©SWUS e #s*:3 < ft act 
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M&SWSrftSSL/fc. M.mmmm&ktx-£i&&2 o 

[%] , #-*>iitt#i7 2 [%] . 

£-rsR^*i8 [%] (Dbo&m^tc. *}-#>mm* 

mm* - *m i » fc 0 Mttr*tt»»5ie/ ptfe 

= 6 0/4 0. Spfil 5 [mq/W] . ^71*^9 0 
[%] ©fcO^f^L/c C©H®fe!$Syi£5#g«U 

%AtltS<!©itMiIS2 0 > 5 0. 1 0 0. 2 0 
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